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(54) ACCELERATION SENSOR USING PIEZOELECTRIC ELEMENT 



(57) Upper electrodes (A1 to A5) are disposed on 
an upper surface of a disk-shaped piezoelectric element 
(10). On a lower surface of the piezoelectric element 
(10), an annular groove to surround origin O is formed at 
position corresponding to the upper electrodes (At to 
A5). At the portion where the annular groove is formed, 
the piezoelectric element (10) includes a flexible portion 
formed so as to have thin thickness. When the periph- 
eral portion of the piezoelectric element (10) is fixed to 
the casing, the central portion positioned within the 
annular groove functions as a weight caused to hang 
down from the flexible portion. On the lower surface of 
the piezoelectric element (10), a lower electrode (B) is 
formed. When force is applied to the weight by acceler- 



ation, the flexible portion is bent. As a result, predeter- 
mined charges are produced in the upper electrodes 
(A1 to A5) with the lower electrode (B) being as a refer- 
ence potential. Accordingly, applied acceleration can be 
detected. When a predetermined a.c. signal is delivered 
between the lower electrode (B) and the upper elec- 
trodes (A1 to A5), the weight is oscillated in a predeter- 
mined direction. Accordingly, angular velocity can be 
detected on the basis of Corioiis force applied to the 
weight. Thus, simple sensor capable of detecting both 
acceleration and angular velocity in three dimensional 
directions can be realized. 
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Description 

Technical Field 

This invention relates to an acceleration sensor 5 
using piezoelectric element and, more particularly, to a 
sensor capable of detecting respective acceleration 
components in multi-dimensional axes directions and 
capable of detecting respective angular velocity compo- 
nents about multi-dimensional axes. 10 

Background Art 

In automobile industry and machinery industry, etc., 
there has been increased demand for sensors capable is 
of precisely detecting physical quantity such as acceler- 
ation or angular velocity. Particularly, small sensors 
capable of detecting these physical quantities every 
two-dimensional or three-dimensional respective com- 
ponents are demanded. 20 

As such small sensors, a novel sensor which has 
been developed by the same inventor as that of the 
present application has been disclosed in the Japanese 
Patent Application Laid Open No. 5-26744/1993 publi- 
cation. In this novel sensor, plural sets of detection ele- 25 
ments comprised of a piezoelectric element are 
prepared and these sets of detection elements are dis- 
posed on a flexible substrate. This novel sensor is of a 
structure in which a working body is attached on the 
flexible substrate so that when external force is applied 30 
to the working body, bending takes place in the flexible 
substrate. This bending is transmitted to the piezoelec- 
tric element and charges corresponding to the bending 
are produced in the piezoelectric element. Thus, the 
applied external force is detected on the basis of such 35 
charges produced. This is the fundamental principle of 
the novel sensor. Since a way of bending changes in 
dependency upon the direction of the applied external 
force, an approach is employed to detect the state of 
charges produced with respect to plural piezoelectric 40 
elements disposed at predetermined respective posi- 
tions, thereby making it possible to detect magnitude 
and direction of the applied force. Moreover, in the Jap- 
anese Patent Laid Open Application No. 7-43226/1995 
publication, a technology for permitting similar detection 45 
by lesser number of detection elements is disclosed. 

On the other hand, in the International Laid Open 
No. W094/23272 publication based on the Patent 
Cooperation Treaty, there is disclosed an angular sen- 
sor in which plural piezoelectric elements are similarly so 
disposed on a flexible substrate to thereby detect angu- 
lar velocity components about respective three-dimen- 
sional axes. This angular velocity sensor utilizes the 
principle that when an object is oscillated in the Y-axis 
direction in the state where angular velocity ox about 55 
the X-axis is applied, Coriolis force is exerted in the Z- 
axis direction. Namely, an a.c. voltage is applied to a 
predetermined piezoelectric element disposed on the 
flexible substrate to oscillate the working body attached 



on the flexible substrate in the Y-axis direction. In this 
case, since when angular velocity cox about the X-axis is 
applied, Coriolis force is exerted on the working body in 
the Z-axis direction, the working body is caused to 
undergo displacement in the Z-axis direction. This dis- 
placement is detected by charges that the piezoelectric 
element produces to thereby indirectly detect the 
applied angular velocity ox. 

In the case where acceleration components or 
angular velocity components with respect to three- 
dimensional directions are detected by a single sensor, 
the technologies which have been proposed until now 
are required to dispose a large number of electrodes at 
predetermined positions, resulting in the problem that 
the structure becomes complicated as a whole. In sen- 
sors of such complicated structure, there takes place 
the problem that miniaturization becomes difficult, so 
mass-productivity is poor. 

Disclosure of the Invention 

In view of the above, an object of this invention is to 
provide an acceleration/angular velocity sensor using a 
piezoelectric element which is simple in structure, is 
suitable for miniaturization and mass-approachability, 
and is capable of detecting acceleration components 
and/or angular velocity components relating to multi- 
dimensional direction. 

In order to attain such an object, the sensor accord- 
ing to this invention has features as described below. 

(1) A first mode of this invention resides in an accel- 
eration sensor using a piezoelectric element for 
detecting acceleration components in plural coordi- 
nate axis directions in an XYZ three-dimensional 
system, the sensor comprising a piezoelectric ele- 
ment in a plate form, five upper electrodes formed 
on an upper surface of the piezoelectric element 
and a lower electrode formed at a position facing to 
the respective upper electrodes on a lower surface 
of the piezoelectric element. 

wherein an origin of the XYZ three-dimen- 
sional coordinate system is defined substantially at 
a central position of the upper surface of the piezo- 
electric element. 

wherein the piezoelectric element extends 
along an XY plane and includes a central portion 
around the origin, a flexible portion with flexibility 
surrounding the central portion and a peripheral 
portion surrounding the flexible portion, so that said 
central portion and said peripheral portion are 
caused to undergo displacement relative to each 
other by bending of the flexible portion, 

wherein either one of the central portion and 
the peripheral portion is fixed to a sensor casing as 
a fixed portion, and the other is supported as a 
working portion in a state to be displaced by force 
applied in respective coordinate axis directions, 
and 
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wherein the five upper electrodes are consti- 
tuted with a first upper electrode formed in a nega- 
tive region with respect to the X-axis and having a 
shape symmetrical with respect to the X-axis, a 
second upper electrode formed in a positive region 5 
with respect to the X-axis and having a shape sym- 
metrical with respect to the X-axis, a third upper 
electrode formed in a negative region with respect 
to the Y-axis and having a shape symmetrical with 
respect to the Y-axis, a forth upper electrode 70 
formed in a positive region with respect to the Y-axis 
and having a shape symmetrical with respect to the 
Y-axis and a fifth upper electrode formed in a region 
surrounding a periphery of the origin, at least each 
portion of these respective upper electrodes being 15 
located on the f lexibl^portion, 

the acceleration sensor further comprising, 

force detecting means for detecting a force 
in a particular axis direction applied to the working 
portion on the basis of charges produced in the 20 
upper electrodes, and 

circuit means for outputting a detected value 
by the force detecting means with respect to the 
particular axis direction as an electric signal so as 
to carry out detection of acceleration in the particu- 25 
lar axis direction. 

(2) A second mode of this invention resides in an 
acceleration sensor using a piezoelectric element 
according to the first mode, 

wherein an annular groove to surround a 30 
periphery of the origin is formed at the lower sur- 
face of the piezoelectric element, a thickness of the 
portion where the annular groove is formed is 
caused to be thinner than a thickness of others, and 
the portion thin in thickness is used as a flexible 35 
portion. 

(3) A third mode of this invention resides in an 
acceleration sensor using a piezoelectric element 
for detecting acceleration components in plural 
coordinate axis directions in an XYZ three-dimen- 40 
sional system, the sensor comprising a piezoelec- 
tric element in a plate form, five upper electrodes 
formed on an upper surface of the piezoelectric ele- 
ment, a lower electrode formed at a position facing 

to the respective upper electrodes on a lower sur- 45 
face of the piezoelectric element and a strain gen- 
erative body in a plate form for supporting the lower 
electrode from below, 

wherein an origin of the XYZ three-dimen- 
sional coordinate system is defined substantially at so 
a central position of an upper surface of the strain 
generative body, 

wherein the strain generative body extends 
along an XY plane and includes a central portion 
around the origin, a flexible portion with flexibility 55 
surround surrounding the flexible portion, so that 
said central portion and said peripheral portion are 
caused to undergo displacement relative to each 
other by bending of the flexible portion, 



wherein either one of the central portion and 
the peripheral portion is fixed to a sensor casing as 
a fixed portion, and the other is supported as a 
working portion in a state to be displaced by force 
applied in respective coordinate axis directions, 

wherein the upper surface of the strain gen- 
erative body and a lower surface of the lower elec- 
trode or electrodes are fixed in such a state where 
a plate surface of the piezoelectric element is sub- 
stantially in parallel to a plate surface of the strain 
generative body so that when bending takes place 
in the flexible portion of the strain generative body, 
said bending is transmitted to the piezoelectric ele- 
ment, while when bending takes place in the piezo- 
electric element, said bending is transmitted to the 
flexible portion of the strain generative body, and 

wherein the five upper electrodes are consti- 
tuted with a first upper electrode formed in a nega- 
tive region with respect to the X-axis and having a 
shape symmetrical with respect to the X-axis, a 
second upper electrode formed in a positive region 
with respect to the X-axis and having a shape sym- 
metrical with respect to the X-axis, a third upper 
electrode formed in a negative region with respect 
to the Y-axis and having a shape symmetrical with 
respect to the Y-axis, a forth upper electrode 
formed in a positive region with respect to the Y-axis 
and having a shape symmetrical with respect to the 
Y-axis and a fifth upper electrode formed in a region 
surrounding a periphery of the origin, at least each 
portion of these respective upper electrodes being 
located on the flexible portion, 

said acceleration sensor further comprising, 

force detecting means for detecting a force 
in a particular axis direction applied to the working 
portion on the basis of charges produced in the 
upper electrodes, and 

circuit means for outputting a detected value 
by the force detecting means with respect to the 
particular axis direction as an electric signal so as 
to carry out detection of acceleration in the particu- 
lar axis direction. 

(4) A fourth mode of this invention resides in an 
acceleration sensor using a piezoelectric element 
according to the third mode, 

wherein at least an upper surface portion of 
the strain generative body is constituted by conduc- 
tive material so that the lower electrode is consti- 
tuted by the upper portion of the conductive 
material. 

(5) A fifth mode of this invention resides in an accel- 
eration sensor using a piezoelectric element 
according to the third or fourth mode, 

wherein an annular groove to surround a 
periphery of the origin is formed at a lower surface 
of the strain generative body, a thickness of the por- 
tion where the annular groove is formed is caused 
to be thinner than a thickness of the other portions, 
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and the portion thin in thickness is used as a flexible 
portion. 

(6) A sixth mode of this invention resides in an 
acceleration sensor using a piezoelectric element 
according to the first to fifth modes, 5 

wherein an inside annular region to surround 
the origin from a periphery thereof and an outside 
annular region to further surround the inside annu- 
lar region are defined on the XY plane, 

wherein the first upper electrode is disposed 10 
in a region extending over the second quadrant and 
the third quadrant of the XY coordinate system 
within the outside annular region, 

wherein the second upper electrode is dis- 
posed in a region extending over the first quadrant 15 
and the fourth quadrant of the XY coordinate sys- 
tem within the outside annular region, 

wherein the third upper electrode is dis- 
posed in a region extending over the third quadrant 
and the fourth quadrant of the XY coordinate sys- 20 
tern within the outside annular region, 

wherein the fourth upper electrode is dis- 
posed in a region extending over the first quadrant 
and the second quadrant of the XY coordinate sys- 
tem within the outside annular region, and 25 

wherein the f ifth upper electrode is disposed 
within the inside annular region. 
(7) A seventh mode of this invention resides in an 
acceleration sensor using a piezoelectric element 
according to the first to fifth modes, so 

wherein an inside annular region to surround 
the origin from a periphery thereof and an outside 
annular region to further surround the inside annu- 
lar region are defined on the XY plane, 

wherein the first upper electrode is disposed 35 
in a region extending over the second quadrant and 
the third quadrant of the XY coordinate system 
within the inside annular region, 

wherein the second upper electrode is dis- 
posed in a region extending over the first quadrant 40 
and the fourth quadrant of the XY coordinate sys- 
tem within the inside annular region, 

wherein the third upper electrode is dis- 
posed in a region extending over the third quadrant 
and the fourth quadrant of the XY coordinate sys- 45 
tern within the inside annular region, 

wherein the fourth upper electrode is dis- 
posed in a region extending over the first quadrant 
and the second quadrant of the XY coordinate sys- 
tem within the inside annular region, and so 

wherein the fifth upper electrode is disposed 
within the outside annular region. 
(8) An eighth mode of this invention resides in an 
acceleration sensor using a piezoelectric element 
according to the first to seventh modes, 55 

wherein polarization processing is carried 
out with respect to respective portions of the piezo- 
electric element, 

so that polarization characteristics opposite 



to each other are respectively obtained at a portion 
of the piezoelectric element where the first upper 
electrode is formed and a portion of the piezoelec- 
tric element where the second upper electrode is 
formed, and 

so that polarization characteristics opposite 
to each other are respectively obtained at a portion 
of the piezoelectric element where the third upper 
electrode is formed and a portion of the piezoelec- 
tric element where the fourth electrode is formed. 
(9) A ninth mode of this invention resides in an 
acceleration sensor using a piezoelectric element 
according to the first to eighth modes, 

wherein the sensor further comprising exci- 
tation means for applying an a.c. voltage across a 
predetermined pair of upper and lower electrodes 
to thereby oscillate the working portion in a first axis 
direction, and 

wherein the circuit means having a function 
to output a detected value by the force detecting 
means with respect to a second axis direction per- 
pendicular to the first axis direction as an electric 
signal so as to carry out detection of an angular 
velocity about a third axis perpendicular to the first 
axis and the second axis, 

thus making it possible to detect angular 
velocity components about plural coordinate axis 
along with acceleration components in plural coor- 
dinate axis directions. 

(10) A tenth mode of this invention resides in an 
acceleration sensor using a piezoelectric element 
according to the ninth mode, 

wherein there are provided three excitation 
means of, 

X-axis direction excitation means for apply- 
ing an a.c. voltage across the f irst upper and lower 
electrodes and across the second upper and lower 
electrodes to thereby oscillate the working portion 
in the X-axis direction, 

Y-axis direction excitation means for apply- 
ing an a.c. voltage across the third upper and lower 
electrodes and across the fourth upper and lower 
electrodes to thereby oscillate the working portion 
in the Y-axis direction, and 

Z-axis direction excitation means for apply- 
ing an a.c. voltage across the fifth upper and lower 
electrodes to thereby oscillate the working portion 
in the Z-axis direction, and 

wherein there are provided three force 
detecting means of, 

X-axis direction force detecting means for 
detecting a force in the X-axis direction applied to 
the working portion, on the basis of charges pro- 
duced in the first upper electrode and charges pro- 
duced in the second upper electrode, 

Y-axis direction force detecting means for 
detecting a force in the Y-axis direction applied to 
the working portion, on the basis of charges pro- 
duced in the third upper electrode and charges pro- 
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duced in the fourth upper electrode, and 

Z-axis direction force detecting means for 
detecting a force in the Z-axis direction applied to 
the working portion, on the basis of charges pro- 
duced in the fifth upper electrode. 5 
(11) An eleventh mode of this invention resides in 
an acceleration sensor using a piezoelectric ele- 
ment for detecting acceleration components in plu- 
ral coordinate axis directions in an XYZ three- 
dimensional coordinate system, the sensor com- 10 
prising a piezoelectric element in a plate form, five 
upper electrodes formed on an upper surface of the 
piezoelectric element and a lower electrode formed 
at a position facing to the respective upper elec- 
trodes on a lower surface of the piezoelectric ele- 15 
inent, 

wherein an origin of the XYZ three-dimen- 
sional coordinate system is defined substantially at 
a central position of the upper surface of the piezo- 
electric element, 20 

wherein the piezoelectric element extends 
along an XY plane and includes a centra! portion 
around the origin, a flexible portion with flexibility 
surrounding the central portion and a peripheral 
portion surrounding the flexible portion, so that said 25 
central portion and said peripheral portion are 
caused to, undergo displacement relative to each 
other by bending of the flexible portion, 

wherein either one of the central portion and 
the peripheral portion is fixed to a sensor casing as 30 
a fixed portion, and the other is supported as a 
working portion in a state to be displaced by force 
applied in respective coordinate axis directions, 
and 

wherein the five upper electrodes are consti- 35 
tuted with a first upper electrode disposed in the 
first quadrant of the XY coordiante system, a sec- 
ond upper electrode disposed in the second quad- 
rant thereof, a third upper electrode disposed in the 
third quadrant thereof, a fourth upper electrode dis- 40 
posed in the fourth quadrant thereof and a fifth 
upper electrode disposed in a peripheral region of 
the origin, at least each portion of these respective 
upper electrodes being located on the flexible por- 
tion, 45 

the acceleration sensor further comprising, 

force detecting means for detecting a force 
in a particular axis direction applied to the working 
portion on the basis of charges produced in the 
upper electrodes, and so 

circuit means for outputting a detected value 
by the force detecting means with respect to the 
particular axis direction as an electric signal so as 
to carry out detection of acceleration in the particu- 
lar axis direction. 55 
(12) A twelfth mode of this invention resides in an 
acceleration sensor using a piezoelectric element 
for detecting acceleration components in plural 
coordinate axis directions in an XYZ three-dimen- 



sional coordinate system, the sensor comprising a 
piezoelectric element in a plate form, five upper 
electrodes formed on an upper surface of the piezo- 
electric element, a lower electrode formed at a posi- 
tion facing to the respective upper electrodes on a 
lower surface of the piezoelectric element and a 
strain generative body in a plate form for supporting 
the lower electrode or electrodes from below, 

wherein an origin of the XYZ three-dimen- 
sional coordinate system is defined substantially at 
a central position of an upper surface of the strain 
generative body. 

wherein the strain generative body extends 
along an XY plane and includes a central portion 
around the origin, a flexible portion with flexibility 
surrounding the central portion and a peripheral 
portion surrounding the flexible portion, so that said 
central portion and said peripheral portion are 
caused to undergo displacement relative to each 
other by bending of the flexible portion, 

wherein either one of the central portion and 
the peripheral portion is fixed to a sensor casing as 
a fixed portion, and the other is supported as a 
working portion in a state to be displaced by force 
applied in respective coordinate axis directions. 

wherein the upper surface of the strain gen- 
erative body and a lower surface of the lower elec- 
trode are fixed in such a state where a plate surface 
of the piezoelectric element is substantially in paral- 
lel to a plate surface of the strain generative body 
so that when bending takes place in the flexible por- 
tion of the strain generative body, said bending is 
transmitted to the piezoelectric element, while 
when bending takes place in the piezoelectric ele- 
ment, said bending is transmitted to the flexible por- 
tion of the strain generative body, and 

wherein the five upper electrodes are consti- 
tuted with a first upper electrode disposed in the 
first quadrant of the XY coordinate system, a sec- 
ond upper electrode disposed in the second quad- 
rant thereof, a third upper electrode disposed in the 
third quadrant thereof, a fourth upper electrode dis- 
posed in the fourth quadrant thereof and a fifth 
upper electrode disposed in a peripheral region of 
the origin, at least each portion of these respective 
upper electrodes being located on the flexible por- 
tion. 

the acceleration sensor further comprising, 
force detecting means for detecting a force 
in a particular axis direction applied to the working 
portion on the basis of charges produced in the 
upper electrodes, and 

circuit means for outputting a detected value 
by the force detecting means with respect to the 
particular axis direction as an electric signal so as 
to carry out detection of acceleration in the particu- 
lar axis direction. 

(13) A thirteenth mode of this invention resides in 
an acceleration sensor using a piezoelectric ele- 
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ment according to the above-described respective 
modes, 

wherein eight upper electrodes are used in 
place of the upper electrodes in the above- 
described modes, and these eight upper electrodes 5 
are constituted with, 

a first upper electrode formed in a negative 
region with respect to the X-axis, having a shape 
symmetrical with respect to the X-axis, and dis- 
posed within an outside annular region, 10 

a second upper electrode formed in a posi- 
tive area with respect to the X-axis, having a shape 
symmetrica! with respect to the X-axis, and dis- 
posed within the outside annular region, 

a third upper electrode formed in a negative 15 
region with respect to the Y-axis, having a shape 
symmetrical with respect to the Y-axis, and dis- 
posed within an inside annular region, 

a fourth upper electrode formed in a positive 
region with respect to the Y-axis, having a shape 20 
symmetrical with respect to the Y-axis, and dis- 
posed within the inside annular region. 

a fifth upper electrode formed in the negative 
region with respect to the X-axis, having a shape 
symmetrical with respect to the X-axis, and dis- 25 
posed within the inside annular region. 

a sixth upper electrode formed in the positive 
region with respect to the X-axis, having a shape 
symmetrical with respect to the X-axis, and dis- 
posed within the inside annular region, 30 

a seventh upper electrode formed in the neg- 
ative region with respect to the Y-axis, having a 
shape symmetrical with respect to the Y-axis, and 
disposed within the outside annular region, and 

an eighth upper electrode formed in the pos- 35 
itive region with respect to the Y-axis, having a 
shape symmetrical with respect to the Y-axis, 

at least each portion of these respective 
upper electrodes being formed in the flexible por- 
tion. 40 
(14) A fourteenth mode of this invention resides in 
an acceleration sensor using a piezoelectric ele- 
ment according to the above-described respective 
modes, 

wherein six upper electrodes are used in 45 
place of the upper electrodes in the above- 
described modes, and these six upper electrodes 
are constituted with, 

a first upper electrode formed in a negative 
region with respect to the X-axis, having a shape so 
symmetrical with respect to the X-axis, and dis- 
posed within an outside annular region. 

a second upper electrode formed in a posi- 
tive area with respect to the X-axis, having a shape 
symmetrical with respect to the X-axis, and dis- 55 
posed within the outside annular region, 

a third upper electrode formed in a negative 
region with respect to the Y-axis, having a shape 
symmetrical with respect to the Y-axis, and dis- 



posed within an inside annular region, 

a fourth upper electrode formed in a positive 
region with respect to the Y-axis, having a shape 
symmetrical with respect to the Y-£>is, and dis- 
posed within the inside annular region, 

a fifth upper electrode formed in the negative 
region with respect to the X-axis, having a shape 
symmetrical with respect to the X-axis, and dis- 
posed within the inside annular region, and 

a sixth upper electrode formed in the positive 
region with respect to the X-axis, having a shape 
symmetrical with respect to the X-axis, and dis- 
posed within the inside annular region, 

at least each portion of these respective 
upper electrodes being formed in the flexible por- 
tion. 

(15) A f ifteenth mode of this invention resides in an 
acceleration sensor using a piezoelectric element 
according to the above-described respective 
modes, 

wherein six upper electrodes are used in 
place of the upper electrodes in the above- 
described modes, and these six upper electrodes 
are constituted with, 

a first upper electrode formed in a negative 
region with respect to the X-axis, having a shape 
symmetrical with respect to the X-axis, and dis- 
posed within an outside annular region. 

a second upper electrode formed in a posi- 
tive area with respect to the X-axis, having a shape 
symmetrical with respect to the X-axis, and dis- 
posed within the outside annular region, 

a third upper electrode formed in a negative 
region with respect to the Y-axis, having a shape 
symmetrical with respect to the Y-axis, and dis- 
posed within an inside annular region, 

a fourth upper electrode formed in a positive 
region with respect to the Y-axis, having a shape 
symmetrical with respect to the Y-axis, and dis- 
posed within the inside annular region, 

a fifth upper electrode formed in the negative 
region with respect to the Y-axis, having a shape 
symmetrical with respect to the Y-axis, and dis- 
posed within the outside annular region, and 

an sixth upper electrode formed in the posi- 
tive region with respect to the Y-axis, having a 
shape symmetrical with respect to the Y4xis, 

at least each portion of these respective 
upper electrodes being formed in the flexible por- 
tion. 

(1 6) A sixteenth mode of this invention resides in an 
acceleration sensor using a piezoelectric element 
according to the above-described respective 
modes. 

wherein four upper electrodes are used in 
place of the upper electrodes in the above- 
described modes, and these four upper electrodes 
are constituted with, 

a first upper electrode formed in a negative 
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region with respect to the X-axis, having a shape 
symmetrical with respect to the X-axis, and dis- 
posed within an outside annular region, 

a second upper electrode formed in a posi- 
tive area with respect to the X-axis, having a shape 5 
symmetrical with respect to the X-axis, and dis- 
posed within the outside annular region, 

a third upper electrode formed in a negative 
region with respect to the Y-axis, having a shape 
symmetrical with respect to the Y-axis, and dis- w 
posed within an inside annular region, and 

a fourth upper electrode formed in a positive 
region with respect to the Y-axis, having a shape 
symmetrical with respect to the Y-axis, and dis- 
posed within the inside annular region, ;5 

at least each -portion of these respective 
upper electrodes being formed in the flexible por- 
tion. 

In a sensor according to this invention, a flexible 20 
portion having flexibility is provided in a piezoelectric 
element itself or a strain generative body which is con- 
nected to a piezoelectric element. By providing such a 
flexible portion, a central portion which is a portion sur- 
rounded by the flexible portion and a peripheral portion 25 
which is a portion of the periphery of the flexible portion 
are caused to undergo displacement mutually or rela- 
tive to each other by bending of the flexible portion. 
Accordingly, in the case where the central portion is 
fixed, the peripheral portion functions as a weight. 30 
When acceleration is applied, bending takes place in 
the flexible portion. In contrast, in the case where the 
peripheral portion is fixed, the central portion functions 
as a weight. When acceleration is applied, bending sim- 
ilarly takes place in the flexible portion. Eventually, 35 
bending takes place in the piezoelectric element by 
application of acceleration. Thus, charges of specific 
polarity are produced in specific upper electrodes. By 
detecting charges produced in this way, it is possible to 
measure direction and magnitude of applied accelera- 40 
tion. 

On the other hand, when a predetermined a.c. volt- 
age is applied across a specific pair of upper and lower 
electrodes, specific bending takes place within the pie- 
zoelectric element. As a result, the portion functioning 45 
as an weight is oscillated in a predetermined direction 
as an oscillator. Meanwhile, it is known that when angu- 
lar velocity about the second axis is applied to the oscil- 
lator in the state where the oscillator is oscillated in the 
first axis direction, Coriolis force in the third axis direc- so 
tion is produced in this oscillator. This Coriolis force 
allows the piezoelectric element to produce another 
bending. As a result, charges of specific polarity are 
produced in specific upper electrodes. By detecting 
charges produced in this way, it becomes possible to 55 
measure direction and magnitude of applied angular 
velocity. 

The sensor according to this invention is of a simple 
structure composed of a piezoelectric element in a plate 



form, plural upper electrodes disposed on the upper 
surface thereof, and a single common lower electrode 
provided on the lower surface of the piezoelectric ele- 
ment in a manner opposite thereto, but it can detect all 
of acceleration components in respective axis directions 
and angular velocity components about respective axes 
in the XYZ three-dimensional coordinate system on the 
basis of the above-described principle. Thus, in accord- 
ance with this invention, it becomes possible to realize 
an acceleration/angular velocity sensor which is simple 
in structure, is suitable for miniaturization and mass- 
productivity, and capable of detecting both acceleration 
and angular velocity relating to the three dimensional 
directions. 

Brief Description of the Drawings 

FIG. 1 is a perspective view showing the fundamen- 
tal principle of an one-dimensional angular velocity sen- 
sor utilizing Coriolis force conventionally proposed. 

FIG. 2 is a view showing angular velocity compo- 
nents about respective axes in the XYZ three-dimen- 
sional coordinate system to be detected in the angular 
velocity sensor. 

FIG. 3 is a view for explaining the fundamental prin- 
ciple for detecting angular velocity cox about the X-axis 
by using a sensor according to this invention. 

FIG. 4 is a view for explaining the fundamental prin- 
ciple for detecting angular velocity coy about the Y-axis 
by using a sensor according to this invention. 

FIG. 5 is a view for explaining the fundamental prin- 
ciple for detecting angular velocity coz about the Z-axis 
by using a sensor according to this invention. 

FIG. 6 is a block diagram showing components for 
carrying out detection of angular velocity in a sensor 
according to this invention. 

FIG. 7 is a block diagram showing components for 
carrying out detection of acceleration in a sensor 
according to this invention. 

FIG. 8 is a perspective view when a sensor accord- 
ing to the fundamental embodiment of this invention is 
viewed from oblique upper direction. 

FIG. 9 is a perspective view when the sensor shown 
in FIG. 8 is viewed from oblique lower direction. 

FIG. 10 is a top view of the sensor shown in FIG. 8. 

FIG. 1 1 is a side cross sectional view in which the 
sensor shown in FIG. 8 is cut along the XY plane. 

FIG. 12 is a bottom view of the sensor shown in 
FIG. 8. 

FIGs. 13A and 13B are views showing polarization 
characteristic of the piezoelectric element 10 in the sen- 
sor shown in FIG. 8. 

FIG. 14 is a side cross sectional view showing the 
state where displacement Dx in the X-axis direction is 
induced with respect to the center of gravity P of the 
sensor shown in FIG. 8. 

FIG. 15 is a side cross sectional view showing the 
state where displacement Dz in the Z-axis direction is 
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induced with respect to the center of gravity P of the 
sensor shown in FIG. 8. 

FIG. 16 is a side cross sectional view showing the 
state where force fx in the X-axis direction is applied to 
the center of gravity P of the sensor shown in FIG. 8. 

FIG. 17 is a side cross sectional view showing the 
state where force fz in the Z-axis direction is applied to 
the center of gravity P of the sensor shown in FIG. 8. 

FIG. 18 is a table showing polarity of charges in 
respective upper electrodes A1 to A5 when force com- 
ponents fx, fy, fz in respective axis directions caused by 
acceleration are applied to the sensor shown in FIG. 8. 

FIG. 1 9 is a circuit diagram showing one example of 
a detection circuit used in the sensor shown in FIG. 8. 

FIG. 20 is a view for explaining another fundamen- 
tal principle for detecting angular velocity u>x about the 
X-axis by using a sensor according to this invention. 

FIG. 21 is a view for explaining another fundamen- 
tal principle for detecting angular velocity o>y about the 
Y-axis by using a sensor according to this invention. 

FIG. 22 is a view for explaining another fundamen- 
tal principle for detecting angular velocity wz about the 
Z-axis by using a sensor according to this invention. 

FIGs. 23A and 23B are views showing polarization 
characteristics of the piezoelectric element 20 different 
from the piezoelectric element 10. 

FIG. 24 is a top view of a sensor of an embodiment 
utilizing the piezoelectric element 25 having localized 
polarization characteristic. 

FIG. 25 is a table showing polarity of charges pro- 
duced in respective upper electrodes A1 to A5 when 
force components fx, fy, fz in respective axes directions 
caused by acceleration are applied to the sensor shown 
in FIG. 24. 

FIG. 26 is a circuit diagram showing an example of 
a detection circuit used in the sensor shown in FIG. 24. 

FIGs. 27 A, 27B and 27C are circuit diagrams show- 
ing an example of excitation circuits used in the sensor 
shown in FIG. 24. 

FIG. 28 is a top view of a sensor of an embodiment 
in which replacement between upper electrodes is car- 
ried out with respect to inside and outside electrodes in 
the sensor shown in FIG. 8. 

FIG. 29 is a side cross sectional view of the sensor 
shown in FIG. 28. 

FIG. 30 is a side cross sectional view of a sensor 
according to an embodiment in which a strain genera- 
tive body is used in addition to the piezoelectric ele- 
ment. 

FIG. 31 is a side cross sectional view of a sensor 
according to an embodiment in which an upper surface 
of conductive strain generative body is utilized as a 
lower electrode. 

FIG. 32 is a top view of a sensor according to an 
embodiment in which an electrode arrangement is 
rotated by 45 degrees. 

FIG. 33 is a circuit diagram showing an example of 
a detection circuit used in the sensor shown in FIG. 32. 



FIG. 34 is a top view of a sensor of an embodiment 
in which eight upper electrodes are used. 

FIG. 35 is a side cross sectional view in which the 
sensor shown in FIG. 34 is cut along the XZ plane. 
5 FIG. 36 is a table showing polarity of charges pro- 
duced in respective upper electrodes A41 to A48 when 
force components fx, fy, fz in respective axes directions 
caused by acceleration are applied to the sensor shown 
in FIG. 34. 

io FIG. 37 is a circuit diagram showing an example of 
a detection circuit used in the sensor shown in FIG 34. 

FIG. 38 is a top view of a sensor according to an 
embodiment utilizing the piezoelectric element 25 hav- 
ing localized polarization characteristic in the sensor of 
is FIG. 34. 

FIG. 39 is a table showing polarity of charges pro- 
duced in respective upper electrodes A41 to A48 when 
force components fx, fy, fz in respective axes directions 
caused by acceleration are applied to the sensor shown 
20 in FIG. 38. 

FIG. 40 is a top view of a sensor according to an 
embodiment using six upper electrodes. 

FIG. 41 is a table showing polarity of charges pro- 
duced in respective upper electrodes A51 to A56 when 
25 force components fx, fy, fz in respective axes directions 
caused by acceleration are applied to the sensor shown 
in FIG. 40. 

FIG. 42 is a top view of a sensor according to 
another embodiment using six upper electrodes. 
30 FIG. 43 is a table showing polarity of charges pro- 
duced in respective upper electrodes A61 to A66 when 
force components fx, fy, fz in respective axes directions 
caused by acceleration are applied to the sensor shown 
in FIG. 42. 

35 FIG. 44 is a top view of a sensor according to an 
embodiment using four upper electrodes. 

FIG. 45 is a table showing polarity of charges pro- 
duced in respective upper electrodes A71 to A74 when 
force components fx, fy, fz in respective axes direction 
40 caused by acceleration are applied to the sensor shown 
in FIG. 44. 

R*st Mode for Carry ing Out Invention 

45 qi Fundamental principle of detectio n of angular veloc- 
ity and acceleration 

The fundamental principle of detection of angular 
velocity in a sensor according to this invention will be 
50 first described. A sensor according to this invention can 
detect angular velocity about two axes or three axes. Ini- 
tially, the principle of uni-axial angular velocity detection 
will be briefly described below. FIG. 1 is a view showing 
the fundamental principle of an angular velocity sensor 
55 disclosed on page 60 of the Japanese Magazine THE 
INVENTION", vol. 90, No. 3 (1993). Now. an oscillator 
1 10 in square pillar form is prepared to suppose an XYZ 
three-dimensional coordinate system in which X, Y, Z 
axes are defined in directions as shown. It is known that 
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in the case where the oscillator 1 10 is carrying out rota- 
tional movement at angular velocity co with the Z-axis 
being as an axis of rotation in such a system, a phenom- 
enon as described below takes place. Namely, when 
this oscillator 1 10 is caused to undergo such an oscilla- 5 
tion U to reciprocate it in the X-axis direction, a Coriolis 
force F is produced in the Y-axis direction. In other 
words, when the oscillator 1 10 is rotated with the Z-axis 
being as a center of rotation in the state where the oscil- 
lator 110 is oscillated along the X-axis of the figure, w 
Coriolis force F is produced in the Y-axis direction. This 
phenomenon is dynamic phenomenon known as 
Foucault's pendulum from the old times, and produced 
Coriolis force F is expressed as follows: 

75 

F s 2m v • co. 

In the above relational expression, m is mass of the 
oscillator 1 10, v is instantaneous velocity with respect to 
oscillation of the oscillator 110, and co is instantaneous 20 
angular velocity of the oscillator 1 10. 

The uni-axial angular velocity sensor disclosed in 
the previously described magazine detects angular 
velocity co by using such a phenomenon. Namely, as 
shown in FIG, 1, a first piezoelectric element 111 is 25 
attached on the first plane surface of the oscillator 110 
in square pillar form, and a second piezoelectric ele- 
ment 1 12 is attached on the second plane surface per- 
pendicular to the first plane surface. The piezoelectric 
elements 111.1 12 are elements in a plate form com- 30 
prised of piezoelectric ceramic. Further, in order to allow 
the oscillator 1 10 to undergo oscillation U, the piezoe- 
lectric element 111 is utilized and in order to detect 
Coriolis force F, the piezoelectric element 1 12 is utilized. 
Namely, when ax. voltage is applied to the piezoelectric 35 
element 111, this piezoelectric element 111 repeats 
reciprocating movement to oscillate in the X-axis direc- 
tion. This oscillation U is transmitted to the oscillator 
110. Thus, the oscillator 110 is oscillated in the X-axis 
direction. When the oscillator 110 itself is rotated at 40 
angular velocity cd with the Z-axis being a center axis in 
the state where the oscillator 1 10 is caused to undergo 
oscillation U. Coriolis force is produced in the Y-axis 
direction by the above-described phenomenon. Since 
this Coriolis force F is exerted in the thickness direction 4$ 
of the piezoelectric element 112, voltage V proportional 
to the Coriolis force F is produced across both the sur- 
faces of the piezoelectric element 112. In view of the 
above, by measuring such voltage V, it becomes possi- 
ble to detect angular velocity co. so 

The above-described conventional angular velocity 
sensor is a sensor for detecting angular velocity about 
the Z-axis, therefore it can not detect angular velocity 
about the X-axis or the Y-axis. In the sensor according 
to this invention, as shown in FIG. 2, it is possible to 55 
respectively independently detect angular velocity cox 
about the X-axis, angular velocity coy about the Y-axis 
and angular velocity coz abut the Z-axis in the XYZ 
three-dimensional coordinate system. The fundamental 



principle thereof will now be described with reference to 
FIGs. 3 to 5. It is now assumed that an oscillator 130 is 
placed at a position of origin of the XYZ three-dimen- 
sional coordinate system. In order to detect angular 
velocity cox about the X-axis of the oscillator 130, it is 
sufficient to measure Coriolis force Fy produced in the 
Y-axis direction when the oscillator 130 is caused to 
undergo oscillation Uz in the Z-axis direction as shown 
in FIG. 3. The Coriolis force Fy becomes equal to a 
value proportional to the angular velocity cox. Moreover, 
in order to detect angular velocity coy about the Y-axis of 
the oscillator 130, it is sufficient to measure Coriolis 
force Fz produced in the Z-axis direction when the oscil- 
lator 130 is caused to undergo oscillation Ux in the X- 
axis direction as shown in FIG. 4. The Coriolis force Fz 
becomes equal to a value proportional to angular veloc- 
ity coy. Further, in order to detect angular velocity coz 
about the Z-axis of the oscillator 130, it is sufficient to 
measure Coriolis force Fx produced in the X-axis direc- 
tion when the oscillator 130 is caused to undergo oscil- 
lation Uy in the Y-axis direction as shown in FIG. 5. The 
Coriolis force Fx becomes equal to a value proportional 
to angular velocity coz. 

Eventually, in order to respectively detect angular 
velocity cox about the X-axis, angular velocity coy about 
the Y-axis and angular velocity coz about the Z-axis in 
the XYZ three-dimensional coordinate system, it is suf- 
ficient, as shown in FIG. 6. to prepare X-axis direction 
excitation means (oscillation energy supply means) 141 
for allowing the oscillator 130 to undergo oscillation Ux 
in the X-axis direction, Y-axis direction excitation means 
(oscillation energy supply means) 142 for allowing it to 
undergo oscillation Uy in the Y-axis direction and Z-axis 
direction excitation means (oscillation energy supply 
means) 1 43 for allowing it to undergo oscillation Uz in 
the Z-axis direction, and to prepare X-axis direction 
force detecting means 151 for detecting Coriolis force 
Fx in the X-axis direction applied to the oscillator 1 30, Y- 
axis direction force detecting means 152 for detecting 
Coriolis force Fy in the Y-axis direction and Z-axis force 
detecting means 153 for detecting Coriolis force Fz in 
the Z-axis direction. 

On the other hand, the principle of detection of 
acceleration is more simple. Namely, when acceleration 
a in a predetermined direction is applied to an oscillator 
(functioning as merely a weight having mass m) in a sta- 
tionary state, force expressed as f = m • a is applied in 
the same direction as that of the acceleration a. Accord- 
ingly, rf force components fx, fy, fz in respective axes 
directions applied to the oscillator 130 in the stationary 
state are detected, acceleration components a x, ay. az 
in respective directions can be detected by calculation 
using mass m. 

Eventually, in order to respectively detect accelera- 
tion ax in the X-axis direction, acceleration ay in the Y- 
axis direction and acceleration az in the Z-axis direction 
in the XYZ three-dimensional coordinate system, it is 
sufficient, as shown in FIG. 7, to prepare X-axis direc- 
tion force detecting means 151 for detecting force fx in 
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the X-axis direction applied to the oscillator 130, Y-axis 
direction force detecting means 152 for detecting force 
fy in the Y-axis direction and Z-axis direction force 
detecting means 153 for detecting force fz in the Z-axis 
direction. 

The components of the three-dimensional angular 
velocity sensor is shown as a block diagram in FIG. 6 
and the components of the three-dimensional accelera- 
tion sensor is shown as a block diagram in FIG. 7. When 
comparison therebetween is made, it is understood that 
the former configuration includes the latter configura- 
tion. Namely, rf excitation means 141, 142, 143 for 
respective axes directions are further added to the 
acceleration sensor shown in FIG. 7, the angular veloc- 
ity sensor shown in FIG. 6 is provided. The angular 
velocity ^sensor shown in Fl<3. 6 also functions as the 
acceleration sensor shown in FIG. 7. 

S2 Structure of the sensor according to the fundamental 
embodiment 

The sensor according to this invention serves to 
detect acceleration components in respective axes 
directions and angular velocity components about 
respective axes of the XYZ three-dimensional coordi- 
nate system on the basis of the above-described funda- 
mental principle. An example of a more practical 
structure will be described below in accordance with the 
fundamental embodiment. 

FIG. 8 is a perspective view when the sensor 
according to the fundamental embodiment is viewed 
from oblique upper direction and FIG. 9 is a perspective 
view when the sensor is viewed from oblique lower 
direction. In this sensor, five upper electrodes A1 to A5 
are formed on an upper surface of a disk-shaped piezo- 
electric element 10 and a single lower electrode B is 
formed on a lower surface. For convenience of explana- 
tion, origin O of the XYZ three-dimensional coordinate 
system is defined at the central position of the upper 
surface of the disc-shaped piezoelectric element 10, X- 
axis and Y-axis are defined in directions along the upper 
surface of the piezoelectric element 10 and Z-axis is 
defined in a direction toward the upper direction perpen- 
dicular to the upper surface. Accordingly, the upper sur- 
face of the piezoelectric element 10 is included in the 
XY plane. 

The feature in structure of the piezoelectric element 
10 resides in that an annular groove 15 is formed at the 
lower surface as shown in FIG. 9. In this embodiment 
the annular groove 15 takes a shape of such a circle to 
surround the origin O. The lower electrode B is a single 
electrode layer and is formed on the entirety of the lower 
surface of the piezoelectric element 10 including the 
interior of the annular groove 15 as well. 

On the other hand, as clearly illustrated in the top 
view of FIG. 10, the upper electrodes A1 to A4 are all 
belt shaped along a circular arc with the origin O being 
as a center and have a shape symmetrical with respect 
to the X-axis or the Y-axis. Namely, when XY-plane is 



defined on the upper surface of the piezoelectric ele- 
ment 10, the upper electrode A1 is disposed in the 
region extending over the second quadrant and the third 
quadrant of the XY coordinate system so as to have a 
5 shape symmetrical with respect to the X-axis in the neg- 
ative region with respect to the X-axis, the upper elec- 
trode A2 is disposed in the region extending over the 
first quadrant and the fourth quadrant of the XY coordi- 
nate system so as to have a shape symmetrical with 

jo respect to the X-axis in the positive region with respect 
to the X-axis, the upper electrode A3 is disposed in the 
region extending over the third quadrant and the fourth 
quadrant of the XY coordinate system so as to have a 
shape symmetrical with respect to the Y-axis in the neg- 

75 ative region with respect to the Y-axis, and the upper 
electrode A4 is disposed in the region extending over 
the first quadrant and the second quadrant of the XY 
coordinate system so as to have a shape symmetrical 
with respect to the Y-axis in the positive region with 

20 respect to the Y-axis. In addition, the upper electrode A5 
is formed in the region to surround the periphery of the 
origin O. and is an electrode having a point symmetrical 
shape with respect to the origin O. In more practical 
sense, the upper electrode A5 is so called a washer- 

25 shaped electrode having such an annular structure to 
surround the periphery of the origin O. However, it is not 
necessarily required that the upper electrode A5 is 
washer-shaped, and may be disk-shaped electrode in 
which the opening portion in the center is filled. In addi- 

30 tion, the reason why the upper electrode A5 has a point 
symmetrical shape with respect to the origin is to realize 
the state where there results no interference of other 
axes components when force components in respective 
coordinate axes directions are detected as described 

35 later. If such a shape which is free from interference of 
other axes component can be realized, it is not neces- 
sarily required that the upper electrode A5 has a shape 
of point symmetry. 

When reference is made to FIG. 1 1 , the structure of 

40 this sensor is made more clear. FIG. 11 is a side cross 
sectional view cut along the XZ plane of this sensor. The 
portion where the annular groove 15 is formed of the 
piezoelectric element 10 is thin in thickness as com- 
pared to other portions, and therefore has flexibility. In 

45 this example, it is assumed that the portion positioned 
above the annular groove 15 within the piezoelectric 
element 10 is called a flexible portion 12, the central 
portion surrounded (encompassed) by the flexible por- 
tion 12 is called a central portion 11, and the portion 

so positioned at the outer periphery of the flexible portion 
12 is called a peripheral portion 13. The relative posi- 
tional relationship of these three portions is clearly 
shown in the bottom view of FIG. 12. Namely, the flexi- 
ble portion 12 is formed at a portion where the annular 

55 groove 15 is formed at the periphery of the central por- 
tion 11, and the peripheral portion 13 is formed at the 
periphery of the flexible portion 12. 

Supposing that only the peripheral portion 13 is 
fixed to a sensor casing and the entirety of the sensor 
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casing is moved, a force based on acceleration is 
applied to the central portion 1 1 by the mass thereof so 
that bending takes place in the flexible portion 12 by this 
force. Namely, the central portion 1 1 is placed in the 
state supported from the periphery by the flexible por- 
tion 12 having flexibility. Thus, displacement can be pro- 
duced to some degree in the X-axis, Y-axis and the 2- 
axis directions. Eventually, the central portion 1 1 in this 
sensor functions as the oscillator 130 having mass in 
the sensor shown in FIG. 6. 

It is to be noted that, as shown in the side cross 
sectional view of FIG. 1 1, five upper electrodes Al to A5 
are all formed substantially on the upper surface of the 
flexible portion 12. The reason why such electrode 
arrangement is employed is as follows. As described 
later, the fundamental furlctions required for the upper 
electrodes A1 to A5 consists of two functions as follows. 
The first function is to produce charges on the basis of 
bending produced in the flexible portion 12 and the sec- 
ond function is to apply a predetermined a.c. voltage to 
the flexible portion 12 to thereby produce oscillation. In 
order to efficiently perform these two functions, it is pref- 
erable to form these upper electrodes A1 to A5 on the 
flexible portion 12. Of course, it is sufficient that at least 
a part portion of respective upper electrodes exists in a 
region on the flexible portion 12. Actually, in this sensor 
of the fundamental embodiment, a part portion of 
respective upper electrodes A1 to A5 is positioned on 
the flexible portion 12, but another portion is protruded 
from the region on the flexible portion 12. Similarly, it is 
not necessarily required that the upper electrode A5 is 
washer-shapedas described above, but it is sufficient to 
adopt a structure such that at least a portion thereof 
exists on the flexible portion 12. 

$3 Principle of the operation of the sensor according to 
the fundamental embodiment 

In the sensor shown in FIG. 6, in addition to the 
oscillator 130, excitation means 141, 142, 143 in 
respective axes directions and force detecting means 
1 51 , 152, 1 53 in respective axes directions are required. 
In the sensor according to the fundamental embodiment 
as shown in FIGs. 8 to 12, the excitation means 141, 
142, 143 and the force detecting means 151, 152, 153 
are constituted by the upper electrodes A1 to A5, the 
lower electrode B, and the piezoelectric element 10 put 
therebetween. 

In order to explain that the excitation means and the 
force detecting means can be constituted by the upper 
and lower electrodes and the piezoelectric element 10 
put therebetween, the fundamental property of the pie- 
zoelectric element 10 is first explained. Generally, in a 
piezoelectric element, polarization phenomenon takes 
place by action of mechanical stress. Namely, the piezo- 
electric element has a property that when stress is 
applied in a specific direction, positive charges are pro- 
duced at one portion, whereas negative charges are 
produced at the other portion. In the sensor of this 



embodiment, as the piezoelectric element 10, piezoe- 
lectric ceramics having polarization characteristic as 
shown in FIGs. 13A and 13B is used. Namely, the piezo- 
electric element 10 has a polarization characteristic 

5 such that in the case where a force in a direction to 
expand along the XY plane is exerted as shown in FIG. 
13A, positive charges and negative charges are respec- 
tively produced at the upper electrode A and the lower 
electrode B, while in the case where a force in a direc- 

70 tion to contract along the XY plane is exerted as shown 
in FIG. 13B, negative charges and positive charges are 
respectively produced at the upper electrode A and the 
lower electrode B. In contrast, when a predetermined 
voltage is applied across the upper and lower elec- 

r5 trodes, mechanical stress is exerted within the piezoe- 
lectric element 10. Namely, when voltage is applied so 
that positive charges and negative charges are respec- 
tively given to the upper electrode A and the lower elec- 
trode B as shown in FIG. 13 A, a force in a direction to 

20 expand along the XY plane is produced. When voltage 
is applied so that negative charges and positive charges 
are respectively given to the upper electrode A and the 
lower electrode B as shown in FIG. 13B. a force in a 
direction to contract along the XY plane is produced . 

25 The above-described sensor according to the fun- 
damental embodiment utilizes such a property of the 
piezoelectric element to constitute respective excitation 
means and respective force detecting means. Namely, 
by utilizing the property that stress can be produced 

30 within the piezoelectric element by applying voltage 
across upper and lower electrodes, respective excita- 
tion means are constituted. By utilizing the property that 
in the case where stress is internally applied to the pie- 
zoelectric element, charges are produced at upper and 

35 lower electrodes, respective force detecting means are 
constituted. The configurations and the operations of 
these respective means will be described below. 

<X-axis direction excitation means) 

40 

The X-axis direction excitation means 141 of the 
components shown in FIG. 6 is constituted by the upper 
electrodes A1, A2, a portion of the lower electrode B 
opposite thereto, a portion of the piezoelectric element 

45 10 put therebetween, and predetermined a.c. supply 
means. Let now consider the case where positive volt- 
age is applied to the upper electrode A1 and negative 
voltage is applied to the upper electrode A2 while keep- 
ing the lower electrode B at reference potential. When 

so voltages are applied in this way, stress in a direction to 
expand in left and right directions of the figure is pro- 
duced in the piezoelectric element below the electrode 
A1 , and stress in a direction to contract in the left and 
right directions of the figure is produced in the piezoe- 

55 lectric element below the electrode A2 (see the polari- 
zation characteristic of FIGs. 13A and 13B). For this 
reason, the piezoelectric element 10 is deformed as a 
whole as shown in FIG. 14, and the center of gravity P 
of the central portion 1 1 is caused to undergo displace- 
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ment by Dx in the X-axis direction. In this instance, 
when polarity of voltages applied to the upper elec- 
trodes A1 and A2 are inverted so that negative voltage 
and positive voltage are respectively applied to the 
upper electrode A1 and the upper electrode A2, stress 
in a direction to contract in left and right directions of the 
figure is produced in the piezoelectric element below 
the electrode A1 , and stress in a direction to expand in 
left and right directions of the figure is produced in the 
piezoelectric element below the electrode A2 in a man- 
ner opposite to that in FIG. 14. As a result, the center of 
gravity P of the central portion 1 1 is caused to undergo 
displacement by -Dx in the negative direction of the X- 
axis. 

Accordingly, when a first, a.c. voltage is applied 
across' the lower electrode B and the upper electrode 
A1 and a second a.c. voltage having a phase opposite 
to that of the first a.c. voltage is applied across the lower 
electrode B and the upper electrode A2, the center of 
gravity P is caused to alternately undergo displacement 
of Dx and displacement of -Dx along the X-axis. Thus, 
the central portion 1 1 is oscillated along the X-axis. As 
previously described, the central portion 11 corre- 
sponds to the oscillator 1 30 in the components shown in 
FIG. 6. Accordingly, by the above-described application 
of a.c. voltage, the oscillator 130 is permitted to undergo 
oscillation Ux in the X-axis direction. The frequency of 
the oscillation Ux can be controlled by the frequency of 
applied a.c. voltage. Moreover, the amplitude of the 
oscillation Ux can be controlled by the amplitude value 
of the applied a.c. voltage. Eventually, the X-axis direc- 
tion excitation means 141 shown in FIG. 6 is constituted 
by the upper electrodes A1 , A2, the lower electrode B, 
the piezoelectric element 10 and means (not shown) for 
supplying a.c. voltage. 

(Y axis direction excitation means) 

The Y-axis direction excitation means 142 of the 
components shown in FIG. 6 is constituted by the upper 
electrodes A3, A4, a portion of the lower electrode B 
opposite thereto, a portion of the piezoelectric element 
10 put therebetween, and predetermined a.c. supply 
means. The principle of the operation is exactly the 
same as the above-described principle of the operation 
of the X-axis direction excitation means 1 41 . Namely, as 
shown in the top view of FIG. 10, the upper electrodes 
A1, A2 are disposed on the X-axis, whereas the upper 
electrodes A3, A4 are disposed on the Y-axis. Accord- 
ingly, by the same principle as the principle that a.c. volt- 
ages having phases opposite to each other are 
delivered to the upper electrodes A1, A2, thereby mak- 
ing it possible to oscillate the central portion 11 (oscilla- 
tor) in the X-axis direction, an approach is employed to 
deliver a.c. voltages having phases opposite to each 
other to the upper electrodes A3, A4, thereby permitting 
the central portion 1 1 (oscillator) to be oscillated in the 
Y-axis direction. 



Namely, by the above-described application of a.c. 
voltages, the oscillator 130 is permitted to undergo 
oscillation Uy in the Y-axis direction. The frequency of 
the oscillation Uy can be controlled by the frequency of 

5 the applied a.c. voltage, and the amplitude of the oscil- 
lation Uy can be controlled by the amplitude value of the 
applied a.c. voltage. Eventually, the Y-axis direction 
excitation means 142 shown in FIG. 6 is constituted by 
the upper electrodes A3, A4. the lower electrode B, the 

10 piezoelectric element 10, and means (not shown) for 
supplying a.c. voltage. 

(Z-axis direction excitation means) 

15 The Z-axis direction excitation means 143 of the 
components shown in FIG. 6 is constituted by the upper 
electrode A5, a portion of the lower electrode B oppo- 
site thereto, a portion of the piezoelectric element 10 put 
therebetween, and predetermined a.c. supply means. 

20 Let now suppose the case where positive voltage is 
applied to the upper electrode A5 while keeping the 
lower electrode B at reference potential. Thus, as 
shown in the side cross sectional view of FIG. 1 5, stress 
in a direction to expand along the XY plane is produced 

25 in the piezoelectric element below the electrode A5 (see 
the polarization characteristic of FIG. 13). As a result, 
this portion is deformed so that it rises in an upper direc- 
tion. Thus, the center of gravity P of the central portion 
1 1 is caused to undergo displacement by Dz in the Z- 

30 axis direction. In this instance, when polarity of voltage 
applied to the upper electrode A5 is inverted so that 
negative voltage is applied thereto, stress in a direction 
to contract in left and right directions of the figure is pro- 
duced in the piezoelectric element below the electrode 

35 A5. As a result, the center of gravity P of the central por- 
tion 1 1 is caused to undergo displacement by -Dz in the 
negative Z-axis direction. 

Accordingly, when a predetermined a.c. signal is 
applied across the lower electrode B and the upper 

40 electrode A5. the center of gravity P is caused to 
undergo displacement of Dz, or is caused to undergo 
displacement of -Dz along the Z-axis. As a result, the 
central portion 1 1 is oscillated along the Z-axis. As pre- 
viously described, the central portion 1 1 corresponds to 

45 the oscillator 130 in the components shown in FIG. 6. 
Accordingly, the oscillator 130 is permitted to undergo 
oscillation Uz in the Z-axis direction by the above- 
described application of a.c. voltage. The frequency of 
the oscillation Uz can be controlled by the frequency of 

so applied a.c. voltage, and the amplitude of the oscillation 
Uz can be controlled by the frequency of the applied a.c. 
voltage. Eventually, the Z-axis direction excitation 
means 143 is constituted by the upper electrode A5. the 
lower electrode B. the piezoelectric element 10 and 

55 means (not shown) for supplying a.c. voltage. 
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(X-axis direction force detecting means) 

The X-axis direction force detecting means 151 of 
the components shown in FIG. 6 is constituted by the 
upper electrodes A1, A2, a portion of the lower elec- 5 
trode B opposite thereto, a portion of the piezoelectric 
element 10 put therebetween, and a detecting circuit 
which will be described later. Explanation will now be 
given what phenomenon takes place in the case where 
force fx based on acceleration is applied to the center of 10 
gravity P of the central portion 1 1 (oscillator 130) in the 
state where the peripheral portion 13 of this sensor is 
fixed to a casing 80. Initially, let consider the case where 
force fx in the X-axis direction is applied to the center of 
gravity P as shown in FIG. 16 as the result of the fact ts 
tharacceleration ax in th$ X-axis direction is applied to 
the center of gravity P. By application of such force fx, 
bending is produced in the flexible portion 12. Thus, 
deformation as shown in FIG. 16 takes place. As a 
result, the upper electrode A1 disposed along the X-axis 20 
expands in the X-axis direction, and the upper electrode 
A2 similarly disposed along the X-axis contracts in the 
X-axis direction. Moreover, the left side portion in FIG. 
16 of the upper electrode A5 contracts in the X-axis 
direction and the right side portion in FIG. 16 of the 25 
same upper electrode A5 expands in the X-axis direc- 
tion. Since the piezoelectric element positioned below 
these upper electrodes has a polarization characteristic 
as shown in FIG. 13, charges of polarity as shown in 
FIG. 16 are produced in the respective upper elec- 30 
trodes. It is to be noted that since the upper electrode 
A5 is a single electrode having point symmetrical shape 
with respect to the origin O, even if charges of and 
charges of V are respectively produced at the left side 
portion and the right side portion of FIG. 16, both 35 
charges are canceled, with the result that no charge is 
produced in total. Similarly, since the lower electrode B 
is a single common electrode, even if charges of V or 
are partially produced, they are canceled, with the 
result that no charge is produced in total. 40 

Accordingly, if a difference between charges pro- 
duced in the upper electrode A1 and charges produced 
in the upper electrode A2 is determined, force fx applied 
in the X-axis direction can be obtained. It should be 
noted that while explanation has been given by taking 45 
the example where force fx applied resulting from accel- 
eration is detected, Coriolis force Fx applied resulting 
from angular velocity can be also detected exactly in the 
same manner. In practice, as a force in the X-axis direc- 
tion applied to the center of gravity P, a force fx resulting so 
from acceleration and a Coriolis force Fx resulting from 
angular velocity are homogenous to each other, and it is 
therefore impossible to discriminate between them as a 
face detected moment by moment. 

55 

(Y-axis direction force detecting means) 

The Y-axis direction force detecting means 152 of 
the components shown in FIG. 6 is constituted by the 



upper electrodes A3, A4, a portion of the lower elec- 
trode B opposite thereto, a portion of the piezoelectric 
element 10 put therebetween, and a detecting circuit 
which will be described later. The principle of detection 
is similar to the principle of detection of the above- 
described X-axis direction force detecting means 151. 
Namely, it is sufficient to consider what phenomenon 
takes place in the case where force fy based on accel- 
eration is applied to the center of gravity P of the central 
portion 1 1 (oscillator 130) in the state where the periph- 
eral portion 13 of this sensor is fixed to the casing 80. 
When force fy in the Y-axis direction is exerted as a 
result of the fact that acceleration ay in the Y-axis direc- 
tion is applied to the center of gravity P, negative 
charges are produced in the upper electrode A3, and 
positive charges are produced in the upper electrode 
A4. Accordingly, if a difference between charges pro- 
duced in the upper electrode A3 and charges produced 
in the upper electrode A4 is determined, force fy applied 
in the Y-axis direction can be obtained. Detection of 
Coriolis force Fy applied resulting from angular velocity 
is exactly the same. 

(Z-axis direction force detecting means) 

The Z-axis direction force detecting means 153 of 
the components shown in FIG. 6 is constituted by the 
upper electrode A5. a portion of the lower electrode B 
opposite thereto, a portion of the piezoelectric element 
10 put therebetween, and a detecting circuit which will 
be described later. What phenomenon takes place in 
the case where force fz based on acceleration is applied 
to the center of gravity P of the central portion 1 1 (oscil- 
lator 1 30) in the state where the peripheral portion 1 3 of 
this sensor is fixed to the casing 80 will now be 
described. Let first consider the case where force fz in 
the Z-axis direction is applied to the center of gravity P 
as shown in FIG. 1 7 as a result of the fact that acceler- 
ation az in the Z-axis direction is applied to the center of 
gravity P. By such application of force fz, bending is pro- 
duced in the flexible portion 12. Thus, deformation as 
shown in FIG. 17 takes place. As a result, since the 
upper electrodes A1 to A4 disposed within the outside 
annular region contract, charges of are produced in 
the upper electrodes A1 to A4. Since the upper elec- 
trode A5 disposed within the inside annular region 
expands, charges of *+" are produced in the upper elec- 
trode A5. At this time, since the lower electrode B is a 
single common electrode, even if charges of polarity of 
V or "-" are partially produced, they are canceled. 
Thus, there is no charge produced in total. 

Accordingly, force fz applied in the Z-axis direction 
can be obtained by charges produced in the upper elec- 
trode A5. Of course, force fz can be detected also by 
charges produced in the upper electrodes A1 to A4. 
However, as previously described, since the upper elec- 
trodes A1 , A2 are used for detection of force fx and the 
upper electrodes A3, A4 are used for detection of force 
fy. the upper electrode A5 is used as the electrode for 
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detecting force fz. Additionally, Coriolis force Fz applied 
resulting from angular velocity can be detected entirely 
in the same manner. 

§4 Detecting circuit used for the sensor accord no to the 5 
fundamental embodiment 

When polarities of charges produced in the respec- 
tive upper electrodes in the case where respective force 
components fx, fy t fz are applied to the central portion w 
1 1 in the above-described sensor according to the fun- 
damental embodiment are collectively indicated, a table 
shown in FIG. 18 is obtained. A section labeled "0" in 
the table indicates that since the piezoelectric element 
partially expands, but partially contracts, quantities of is 
plus arid minus are canceled so that no charge is pro- 
duced in total. Since the respective upper electrodes 
have a shape symmetrical with respect to the X-axis 
and/or the Y-axis as previously described, even if force 
fy is exerted, no charge is produced in an upper elec- 20 
trode where charges are produced by action of force fx. 
In contrast, in an upper electrode where charges are 
produced by action of force fy, even if force fx is applied 
thereto, no charge is produced. It is important to allow 
the electrode shape to be symmetrical with respect to 25 
an axis as stated above for the purpose of avoiding 
other axis interference. It is to be noted that while the 
table of FIG. 18 shows polarity when force components 
+fx, +fy, +fz in positive directions of respective axes are 
applied in either case, when force components -fx, -fy, - 
fz in negative directions of respective axes are applied, 
charges of polarities respectively opposite to those in 
this table appear. It is easily understood by making ref- 
erence to deformation state shown in FIGs. 16 and 17 
and an arrangement of the respective upper electrodes 
shown in FIG. 10 that such a table is obtained. In addi- 
tion, a magnitude of applied force can be detected as 
quantity of charges produced. 

In order to carry out detection of force components 
fx, fy, fz (or Coriolis force components Fx, Fy, Fz) on the 
basis of such principle, it is sufficient to prepare, e.g., a 
detection circuit as shown in FIG. 19. In this detection 
circuit, Q/V converting circuits 31 to 35 are circuits for 
converting quantities of charges produced in the 
respective upper electrodes A1 to A5 into voltage val- 
ues when a potential of the lower electrode B is sup- 
posed to be a reference potential. For example, in the 
case where charges of *V are produced in the upper 
electrode, positive voltage (with respect to the reference 
potential) corresponding to quantity of charges pro- 
duced are outputted from the detection circuit. In con- 
trast, in the case where charges of are produced in 
the upper electrode, negative voltage (with respect to 
the reference potential) corresponding to quantity of 
charges produced is outputted from the detection cir- 
cuit. Voltages V1 to V5 outputted in this way are deliv- 
ered to operation elements 41, 42. Thus, outputs of 
these operation elements 41, 42 are obtained at termi- 
nals Tx, Ty. In this case, a voltage value with respect to 



the reference potential of the terminal Tx becomes a 
detection value of force fx (or Coriolis force Fx), a volt- 
age value with respect to the reference potential of the 
terminal Ty becomes a detection value of force fy (or 
Coriolis force Fy), and a voltage value with respect to 
the reference potential of the terminal Tz becomes a 
detection value of force fz (or Coriolis force Fz). 

It can be understood by making reference to the 
table of FIG. 18 that voltage values obtained on respec- 
tive output terminals Tx, Ty Tz become detection values 
of force components fx, fy, fz. For example, in the case 
where force fx is applied, charges of V are produced in 
the upper electrode A1 and charges of are produced 
in the upper electrode A2. Accordingly, V1 becomes 
positive voltage and V2 becomes negative voltage. In 
view of the above, calculation of V1-V2 is performed by 
the operation element 41, whereby sum of respective 
absolute values of the voltages V1, V2 is determined. 
This is outputted to the terminal Tx as a detection value 
of force fx. Similarly, in the case where force fy is 
exerted, charges of "+ n are produced in the upper elec- 
trode A3 and charges of are produced in the upper 
electrode A4. Accordingly, V3 becomes positive voltage 
and V4 becomes negative voltage. In view of the above, 
calculation of V3-V4 is performed by the operation ele- 
ment 42, whereby sum of respective absolute values of 
the voltages V3, V4 is determined. This is outputted to 
the terminal Ty as a detection value of force fy. Moreo- 
ver, in the case where force fz is exerted, charges of V 
are produced in the upper electrode A5. Accordingly, V5 
becomes positive voltage. This voltage is outputted to 
the terminal Tz as it is as a detection value of force fz. 

It should be noted that detection values obtained on 
respective output terminals Tx, Ty, Tz do not include 
other axes components. This is because the respective 
upper electrodes have symmetrical shape with respect 
to respective coordinate axes or point symmetrical 
shape with respect to the origin. For example, in the 
case where only force fx is applied as indicated by the 
table of FIG. 18, no charge is produced in the upper 
electrodes A3, A4 for detecting force fy or in the upper 
electrode A5 for detecting force fz, so that no detection 
voltage is obtained on the terminal Ty or the terminal Tz. 
In the case where only force fy is exerted, no detection 
voltage is similarly obtained except on the terminal Ty. 
Moreover, in the case where only force fz is exerted, 
charges are produced also in the upper electrodes A1 to 
A4. However, since the charges produced are all 
charges of the same polarity and the same quantity, 
those charges are canceled by calculation of the opera- 
tion elements 41 and 42. As a result, no detection volt- 
age is obtained on the terminals Tx and Ty. In this way, 
three axes direction components of XYZ can be inde- 
pendently detected. It is to be noted that, as seen from 
the table of FIG. 18, it is also possible to detect force fx 
on the basis of charges produced in the upper elec- 
trodes A1 to A4, and it is also possible to determine it on 
the basis of a sum total of voltages V1 to V4 in the circuit 
shown in FIG. 19. 
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55 Detection procedure of the sensor according to the 
fundamental embodiment 

From the foregoing description, it can be under- 
stood that the sensor according to the fundamental 5 
embodiment shown in FIGs. 8 to 12 includes respective 
excitation means and respective force detecting means 
shown in the block diagram of FIG. 6. In this case, 
respective electrodes are commonly used with respect 
to these respective means. For example, the upper io 
electrodes A1 and A2 serve as components of the X- 
axis direction excitation means 141, and these elec- 
trodes also serve as components of the X-axis direction 
force detecting means 151. While this sensor has a 
function to detect acceleration components cue, ay. az in 15 
respective axes directions* and angular velocity compo- 
nents cox, coy, coz about respective axes, since individual 
electrodes are commonly used with respect to plural 
means as described above, it is necessary to properly 
use respective electrodes in dependency upon an 20 
object to be detected. 

Initially, the procedure for detecting acceleration 
components ax, ay, az in respective axes directions will 
be described. In order to carry out detection of acceler- 
ation, it is unnecessary to oscillate the oscillator 1 30. As 25 
shown in the block diagram of FIG. 7. it is sufficient that 
force detecting means 151 to 153 in respective axes 
directions can be constituted. Accordingly, if the detec- 
tion circuit shown in FIG. 19 is prepared, detections of 
acceleration components ax, ay, az in respective axes 30 
directions can be made. As previously described above, 
detection values of force components fx, fy, fz applied to 
the central portion 11 can be obtained on the terminals 
Tx, Ty, Tz of the detection circuit shown in FIG. 19. 
Since acceleration a and force f resulting therefrom 35 
have relationship of f = m • a on the basis of mass m 
of the central portion 1 1 , it is possible to detect acceler- 
ation components ax. ay, az in respective axes direc- 
tions on the basis of obtained force components fx, fy, 

fZ. 40 

The procedure for detecting angular velocity ox 
about the X-axis will now be described. In accordance 
with the detection principle shown in FIG. 3, if Coriolis 
force Fy applied in the Y-axis direction is detected in the 
state where the oscillator 130 is caused to undergo 45 
oscillation Uz in the Z-axis direction, it is possible to 
obtain angular velocity cox about the X-axis on the basis 
of the formula expressed as Fy = 2m - vz • cox. In this 
formula, m is mass of the oscillator 130 and vz is instan- 
taneous velocity in the Z-axis direction of the oscillator so 
130. In view of the above, under the condition where an 
a.c. voltage is applied across the upper electrode A5 
and the lower electrode B to allow the central portion 1 1 
to be placed in energized (oscillated) state in the Z-axis 
direction, if charges are produced in the upper elec- 55 
trodes A3 and A4 so that a voltage value, which is a 
detection value of Coriolis force Fy applied in the Y-axis 
direction, is outputted on the terminal Ty in the detection 



circuit shown in FIG. 19, it is possible to obtain angular 
velocity cox about the X-axis by operation (calculation). 

Subsequently, the procedure for detecting angular 
velocity coy about the Y-axis will be described. In accord- 
ance with the detection principle shown in FIG. 4, if 
Coriolis force Fz applied in the Z-axis direction is 
detected in the state where the oscillator 130 is caused 
to undergo oscillation Ux in the X-axis direction, it is 
possible to obtain angular velocity coy about the Y-axis 
on the basis of the formula expressed as 
Fz = 2m • vx • coy. In this formula, m is mass of the 
oscillator 130, and vx is instantaneous velocity in the X- 
axis direction of the oscillator 130. Accordingly, under 
the condition where a.c. voltages of phases opposite to 
each other are respectively applied across the upper 
electrode A1 and the lower electrode B and across the 
upper electrode A2 and the lower electrode B to allow 
the central portion 1 1 to be in the state energized (oscil- 
lated) in the X-axis direction, if charges are produced in 
the upper electrode A5 so that a voltage value, which is 
a detection value of Coriolis force Fz applied in the Z- 
axis direction, is outputted on the terminal Tz in the 
detection circuit shown in FIG. 19, it is possible to obtain 
angular velocity coy about the Y-axis by operation (calcu- 
lation). 

Finally, the procedure for detecting angular velocity 
coz about the Z-axis will be described. In accordance 
with the detection principle shown in FIG. 5, if Coriolis 
force Fx applied in the X-axis direction is detected in the 
state where the oscillator 130 is caused to undergo 
oscillation Uy in the Y-axis direction, it is possible to 
obtain angular velocity coz about the Z-axis on the basis 
of the formula expressed as Fx = 2m • vy • coz. In the 
above formula, m is mass of the oscillator 130 and vy is 
instantaneous velocity in the Y-axis direction of the 
oscillator 130. Accordingly, under the condition where 
a.c. voltages of phases opposite to each other are 
respectively applied across the upper electrode A3 and 
the lower electrode B and across the upper electrode 
A4 and the lower electrode B to allow the central portion 
1 1 to be placed in the state energized (oscillated) in the 
Y-axis direction, if charges are produced in the upper 
electrodes A1 and A2 so that a voltage value, which is a 
detection value of Coriolis force Fx applied in the X-axis 
direction, is outputted on the terminal Tx in the detection 
circuit shown in FIG. 19, it is possible to obtain angular 
velocity coz about the Z-axis by operation (calculation). 

As described above, the sensor according to the 
fundamental embodiment has a function to detect all of 
the acceleration components ax, ay. az in respective 
axes directions and angular velocity components cox. 
coy, coz about respective axes. 

56 Angular velocity detecti ng procedure based on 
another principle 

While the above-described angular velocity detect- 
ing procedure of §5 is based on the principle shown in 
FIGs. 3 to 5, a principle shown in FIGs. 20 to 22 is also 
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effective as another detection principle for angular 
velocity- Namely, detection of angular velocity utilizing 
Coriolis force is based on the fundamental principle that 
"under the condition where an oscillator is caused to 
undergo oscillation along the f irst coordinate axis, when 5 
Coriolis force produced along the second coordinate 
axis is detected, an angular velocity about the third axis 
can be obtained." In this fundamental principle, it is pos- 
sible to select any correspondences between the 
respective first second and third coordinate axes and w 
the respective X-axis, Y-axis and Z-axis coordinate axes 
in the XYZ three-dimensional coordinate system. 
Accordingly, rf the principle shown in FIGs. 3 to 5 and 
the principle shown in FIGs. 20 to 22 are combined, six 
kinds of angular velocity detecting procedures in total as 15 
described below may be employed. By selecting three 
kinds of procedures among them, detection of angular 
velocity components about three axes can be made. 

(1) An approach is employed to apply an a.c. volt- 20 
age across the upper electrode A5 and the lower 
electrode B so that oscillation Uz in the Z-axis direc- 
tion is caused. Under the oscillation Uz, Coriolis 
force Fy in the Y-axis direction is detected on the 
basis of charges produced in the upper electrodes 25 
A3 and A4. As a result, angular velocity oox about 
the X-axis is obtained (the principle of FIG. 3). 

(2) An approach is employed to apply a.c. voltages 
of phases opposite to each other across the upper 
electrode A1 and the lower electrode B and across 30 
the upper electrode A2 and the lower electrode B 

so that oscillation Ux in the X-axis direction is 
caused. Under the oscillation Ux, Coriolis force Fz 
in the Z-axis direction is detected on the basis of 
charges produced in the upper electrode A5. As a 35 
result, angular velocity a>y about the Y-axis is 
obtained (the principle of FIG. 4). 

(3) An approach is employed to apply a.c. voltages 
of phases opposite to each other across the upper 
electrode A3 and the lower electrode B and across 40 
the upper electrode A4 and the lower electrode B 

so that oscillation Uy in the Y-axis direction is 
caused. Under the oscillation Uy. Coriolis force Fx 
in the X-axis direction is detected on the basis of 
charges produced in the upper electrodes A1 and 45 
A2. As a result, angular velocity <oz about the Z-axis 
is obtained (the principle of FIG. 5). 

(4) An approach is employed to apply a.c. voltages 
of phases opposite to each other across the upper 
electrode A3 and the lower electrode B and across so 
the upper electrode A4 and the lower electrode B 

so that oscillation Uy in the Y-axis direction is 
caused. Under the oscillation Uy, Coriolis force Fz 
in the Z-axis direction is detected on the basis of 
charges produced in the upper electrode A5. As a 55 
result, angular velocity cox about the X-axis is 
obtained (the principle of FIG. 20). 

(5) An approach is employed to apply an a.c. volt- 
age across the upper electrode A5 and the lower 



electrode B so that oscillation Uz in the Z-axis direc- 
tion is caused. Under the oscillation Uz, Coriolis 
force Fx in the X-axis direction is detected on the 
basis of charges produced in the upper electrodes 
A1 and A2. As a result, angular velocity oy about 
the Y-axis is obtained (the principle of FIG. 21). 
(6) An approach is employed to apply a.c. voltages 
of phases opposite to each other across the upper 
electrode A1 and the lower electrode B and across 
the upper electrode A2 and the lower electrode B 
so that oscillation Ux in the X-axis direction is 
caused. Under the oscillation Ux, Coriolis force Fy 
in the Y-axis direction is detected on the basis of 
charges produced in the upper electrodes A3 and 
A4. As a result, angular velocity coz about the Z-axis 
is obtained (the principle of FIG. 22). 

$7 Embodiment for implementing loca lized polarization 
processing to piezoelectric element 

In order to detect acceleration or angular velocity by 
a sensor according to this invention, it is necessary to 
apply a predetermined a.c. voltage to respective upper 
electrodes, and to detect charges produced in the 
respective upper electrodes. For this reason, it is neces- 
sary to cany out wiring for voltage supply with respect to 
the respective upper electrodes, and to prepare a 
detection circuit as shown in FIG. 19. However, in the 
case where such sensors are mass-produced, the cost 
for wiring and preparing detection circuits cannot be 
neglected as compared to the total cost of the product. 
In the embodiment described below, a polarization 
characteristic of a piezoelectric element is partially var- 
ied to thereby simplify the wiring and/or the detection 
circuit, thus to reduce the manufacturing cost. 

In piezoelectric ceramics, etc., an element having 
an arbitrary polarization characteristic can be manufac- 
tured. For example, the piezoelectric element 10 used in 
the above-described sensor according to the funda- 
mental embodiment was an element having a polariza- 
tion characteristic of the type I as shown in FIGs. 13A 
and 13B. On the contrary, a piezoelectric element 20 
having a polarization characteristic of the type II as 
shown in FIGs. 23A and 23B can be also manufactured. 
Namely, it is possible to manufacture a piezoelectric ele- 
ment 20 having a polarization characteristic such that in 
the case where a force in a direction to expand along 
the XY plane is applied as shown in FIG. 23A, negative 
charges and positive charges are respectively produced 
in the upper electrode A and the lower electrode B. 
while in the case where a force in a direction to contract 
along the XY plane is applied as shown in FIG. 23B, 
positive charges and negative charges are respectively 
produced in the upper electrode A and the lower elec- 
trode B. Moreover, a piezoelectric element may be of a 
structure such that one portion thereof is caused to 
have a polarization characteristic of the type I and 
another portion thereof is caused to have a polarization 
characteristic of the type II. A sensor of the embodiment 
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described below contemplates simplifying structure of 
the sensor by using a piezoelectric element to which 
such localized polarization processing is implemented. 

The sensor of which top view is shown in FIG. 24 is 
a sensor using a piezoelectric element 25 to which such 5 
a localized polarization processing is implemented. This 
piezoelectric element 25 is entirely the same in 
mechanical structure as the piezoelectric element 10 
used in the above-described sensor of the fundamental 
embodiment, wherein an annular groove is provided at io 
the lower surface of the disk-shaped piezoelectric ele- 
ment. However, its polarization characteristic is different 
from that of the piezoelectric element 10. The piezoe- 
lectric element 10 was the element in which all portions 
have a polarization characteristic of the type I as previ- 15 
ously described. On the contrary, the piezoelectric ele- 
ment 25 has a localized polarization characteristic of 
either the type I or the type II in respective areas corre- 
sponding to the five upper electrodes A1 to A5 as 
shown in FIG. 24. In the figure, the regions located 20 
under the upper electrodes A1, A3 and A5 which are 
indicated by a letter "I" have the polarization character- 
istic of the type I and the regions located under the 
upper electrodes A2 and A4 which are indicated by a 
letter "II" have the polarization characteristic of the type 25 
II. 

As stated above, the sensor shown in FIG. 24 is a 
sensor using the piezoelectric element 25 to which 
localized polarization processing is implemented in 
place of the piezoelectric element 10. When considera- 30 
tion is made what kinds of polarity of charges are pro- 
duced in the respective upper electrodes, it is seen that 
the polarity of charges produced in the upper electrodes 
formed within the region having the polarization charac- 
teristic of the type II is opposite to that of the previously 35 
described sensor. Namely, polarity relating to the upper 
electrodes A2 and A4 of the Table shown in FIG. 18 is 
inverted. Thus, in this sensor, the Table shown in FIG. 
25 is obtained (In the Table, bars attached to the upper 
portions of the names of the upper electrodes indicate 40 
that polarity of these electrodes is inverted). The sec- 
tions encompassed by the thick lines in the table are to 
be remarked. These sections are the sections which 
participate in detection of force fx, detection of force fy 
and detection of force fz. In all the cases, charges pro- 45 
duced in the upper electrodes have polarity of V. For 
this reason, if a detection circuit as shown in FIG. 26 is 
prepared with respect to the respective upper elec- 
trodes, detection voltage values of force components fx, 
fy, fz can be respectively obtained on terminals txx, tyy, so 
tzz as they are. In other words, any operation elements 
41 and 42 as shown in FIG. 19 do not become neces- 
sary. 

In the detection circuit shown in FIG. 26, since the 
lower electrode B is a single common electrode, it is 55 
unnecessary to particularly carry out actual wiring to the 
lower electrode B. In addition, if conductive pattern lay- 
ers are formed on the upper surface of the piezoelectric 
element 25 so that the upper electrodes A1 to A5 are 



made of the pattern layers, mutual wirings therebe- 
tween become very simple. 

When the piezoelectric element 25 to which a local- 
ized polarization processing is implemented is 
employed, an a.c. voltage supply circuit for excitation 
(oscillation) is also simplified. For example, in the sen- 
sor of the previously described fundamental embodi- 
ment, in order to produce oscillation Ux in the X-axis 
direction, it was necessary to respectively deliver a.c. 
signals of phases opposite to each other to the upper 
electrodes A1 and A2. In order to produce oscillation Uy 
in the Y-axis direction, it was necessary to deliver a.c. 
signals of phases opposite to each other to the upper 
electrodes A3 and A4. However, when the piezoelectric 
element 25 to which localized polarization processing 
has been implemented is used, a polarization charac- 
teristic in the region where the upper electrodes A2 and 
A4 are formed is inverted. For this reason, the same a.c. 
signal can delivered to both the upper electrodes A1 
and A2, thereby making it possible to produce oscilla- 
tion Ux in the X-axis direction. Moreover, the same a.c. 
signal can be delivered to both the upper electrodes A3 
and A4, thereby making it possible to produce oscilla- 
tion Uy in the Y-axis direction. Accordingly, in order to 
produce oscillation Ux in the X-axis direction, oscillation 
Uy in the Y-axis direction and oscillation Uz in the Z-axis 
direction, simple circuits as shown in FIGs. 27A, 27B 
and 27C may be prepared to commonly use a.c. voltage 
produced in a single a.c. power supply 50. 

As stated above, if localized polarization processing 
is implemented to a piezoelectric element, it becomes 
possible to simplify wirings with respect to respective 
electrodes. In other word, wirings can be simplified, rf 
predetermined polarization processing is respectively 
implemented to respective portions of the piezoelectric 
element so that polarization characteristics opposite to 
each other are obtained in the region where the upper 
electrode A1 is formed and in the region where the 
upper electrode A2 is formed, and so that polarization 
characteristics opposite to each other are obtained in 
the region where the upper electrode A3 is formed and 
in the region where the upper electrode A4 is formed. 

§8 Embodiment in which the relationship between the 
inside and the outside of the upper electrode arrange- 
ment i$ reversed 

In the previously described sensor of the funda- 
mental embodiment, as shown in the top view of FIG. 
10, the upper electrodes A1 to A4 for carrying out exci- 
tation (oscillation) and detection relating to the X-axis 
direction and the Y-axis direction were disposed within 
the outside annular region, and the upper electrode A5 
for carrying out excitation (oscillation) and detection 
relating to the Z-axis direction was disposed within the 
inside annular region. The sensor of the embodiment 
described below is of a structure in which the relation- 
ship between the inside and the outside of the upper 
electrode arrangement is reversed. Namely, as is 
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clearly shown in the top view of FIG. 28 and the side 
cross sectional view of FIG. 29, upper electrodes A1 1 to 
A14 for carrying out excitation (oscillation) and detec- 
tion relating to the X-axis direction and the Y-axis direc- 
tion are disposed within the inside annular region, and 
an upper electrode A15 for carrying out excitation (oscil- 
lation) and detection relating to the Z-axis direction is 
disposed within the outside annular region. In this 
embodiment, the upper electrodes A11 to A15 respec- 
tively perform exactly the same functions as those of the 
upper electrodes A1 to A5 in the previously described 
fundamental embodiment. It is to be noted that since 
deformation states (expansion/contraction states) when 
bending takes place are different with respect to the 
inside annular region and the outside annular region, it 
is necessary for applying the*excitation circuit and/or the 
detection circuit of the previously described fundamen- 
tal embodiment to this embodiment to implement slight 
modification such as inversion of polarity, etc. 

$9 Embodiment using strain generative body separate 
from piezoele ctric element 

All of the previously described embodiments have a 
structure in which the flexible portion is formed in the 
piezoelectric element itself so that bending takes place. 
However, since the piezoelectric element is generally 
fragile, there is the posstoility that when a large stress is 
applied thereto, crack may take place so that the piezo- 
electric element is broken. For this reason, the sensor of 
the above-described embodiments may be broken in 
the case where relatively large acceleration or angular 
velocity is applied thereto. 

The embodiment described below provides a struc- 
ture suitable for measurement of such large accelera- 
tion or angular velocity, and its side cross sectional view 
is shown in FIG. 30. The main feature of this embodi- 
ment resides in that a strain generative body 60 is used. 
The strain generative body 60 is a metallic disk in this 
embodiment, wherein an annulair groove 65 is formed 
on the lower surface thereof. The portion where the 
annular groove 65 is formed is caused to serve as a 
flexible portion 62 and is thin in thickness to have flexi- 
bility. By bending of the f lextole portion 62, displacement 
can be produced between a central portion 61 of the 
inside and a peripheral portion 63 of the outside. When 
the peripheral portion 63 is fixed to the sensor casing, 
the central portion 61 is in hanging down state from the 
periphery, thus functioning as a weight or an oscillator. 

On the other hand, a piezoelectric element 70 in a 
plate form is of so called washer-shaped structure hav- 
ing an opening 71 at the central portion thereof, wherein 
five upper electrodes A21 to A25 are formed on the 
upper surface thereof and a single lower electrode BB is 
formed on the lower surface thereof. In this case, 
arrangement pattern of the upper electrodes A21 to A25 
is exactly the same as the arrangement pattern of the 
upper electrodes A1 to A5 in the fundamental embodi- 
ment shown in FIG. 10. Moreover, the lower electrode 



BB has such a shape of washer to face to all of the 
upper electrodes A21 to A25. The lower surface of the 
lower electrode BB is fixed to the upper surface of the 
strain generative body 60, and the plate surface of the 

5 strain generative body 60 and the plate surface of the 
piezoelectric element 70 are placed in the state where 
they are substantially in parallel to each other. Accord- 
ingly, when bending takes place in the flexible portion 62 
of the strain generative body 60, this bending is trans- 

10 mitted to the piezoelectric element 70, while when 
bending takes place in the piezoelectric element 70, this 
bending is transmitted to the flexible portion 62 of the 
strain generative body 60. 

The operation of the sensor according to this 

is embodiment is exactly the same as the operation of the 
previously described fundamental embodiment. It is to 
be noted that, in the sensor of the fundamental embod- 
iment, a portion of the piezoelectric element functions 
as a weight or an oscillator, whereas, in this embodi- 

20 ment, the central portion 61 of the strain generative 
body 60 functions as a weight or an oscillator. Namely, 
when acceleration or Coriolis force is applied to the cen- 
tral portion 61, bending takes place in the flexible por- 
tion 62. This bending is transmitted up to the 

25 piezoelectric element 70. As a result, predetermined 
charges are produced in the respective upper elec- 
trodes A21 to A25. In contrast, when a predetermined 
a.c. signal is delivered to the respective upper elec- 
trodes A21 to A25, bending takes place in the piezoe- 

30 lectric element 70. This bending is transmitted to the 
flexible portion 62. As a result, the central portion 61 is 
oscillated. 

Since the strain generative body 60 can be consti- 
tuted with firm material such as metal, etc., even if rela- 

35 tively large acceleration or angular velocity is applied 
thereto, there is no possibility that it may be broken. In 
addition, since detection sensitivity of the entirety of the 
sensor can be adjusted by thickness of the flexible por- 
tion 62 of the strain generative body 60, piezoelectric 

40 elements 70 of the same standard are mass-produced 
to join or connect various strain generative bodies 60 
including the flexible portion 62 of different thicknesses 
thereto, thereby making it possible to manufacture plural 
kinds of sensors having different sensitivities. 

45 

§10 Embodiment using an upper surface of a strain 
generative body as a lower electrode 

The side cross sectional view of another embodi- 
50 ment in which the above-described sensor shown in 
FIG. 30 is further simplified is shown in FIG. 31. This 
sensor differs from the sensor shown in FIG. 30 only in 
that the lower electrode BB is omitted. As previously 
described, the strain generative body 60 can be consti- 
55 tuted with conductive material such as metal, etc. In this 
case, the upper surface portion of the strain generative 
body 60 can be used as a lower electrode in place of the 
lower electrode BB and, therefore, the lower electrode 
BB can be omitted. Of course, it is enough that at least 
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an upper surface portion of the strain generative body 
60 is constituted with conductive material 

§1 1 Embodiment in whiph an arrangement relationship 
between the working portion and the fixed portion is 5 
reversed 

It has been described that the peripheral portion 13 
of the piezoelectric element or the peripheral portion 63 
of the strain generative body was fixed to the sensor 10 
casing, and the central portion 1 1 of the piezoelectric 
element or the central portion 61 of the strain generative 
body was used as a weight or an oscillator. In other 
words, the peripheral portion is utilized as a fixed por- 
tion, and the central portion is utilized as a working por- is 
tion/A force applied to the'working portion (force based 
on acceleration and Coriolis force) is detected as a dis- 
placement of the working portion with respect to the 
fixed portion and oscillation is produced as a reciprocal 
displacement of the working portion with respect to the 20 
fixed portion. However, in a manner opposite to the 
above, there may be employed a configuration such that 
the central portion is fixed to the sensor casing to use it 
as a fixed portion, and the peripheral portion is used as 
a working portion which can be displaced. Particularly, 25 
since it is easier to provide a large volume in the periph- 
eral portion as compared to in the central portion, when 
the peripheral potion is utilized as a working portion 
(weight/oscillator), mass as a weight or an oscillator can 
be ensured so as to take a large value. Thus, a high 30 
sensitivity sensor can be, realized. 

512 Embodiment in which an electrode arrangement is 
routed by 45 degree 

35 

In the previously described embodiments, a pair of 
upper electrodes symmetrical with respect to the X-axis 
were used to carry out excitation in the X-axis direction 
or detection of force applied in the X-axis direction, and 
a pair of upper electrodes symmetrical with respect to 40 
the Y-axis are used to carry out excitation in the Y-axis 
direction or detection of force applied in the Y-axis direc- 
tion. In the embodiment described below, first to fourth 
upper electrodes are respectively disposed in the first to 
forth quadrants in the XY coordinate system. These four 45 
upper electrodes are used in both the case where exci- 
tation in the X-axis direction or detection of force applied 
in the X-axis direction is carried out and the case where 
excitation in the Y-axis direction or detection of force 
applied in the Y-axis direction is carried out. so 

The top view of the sensor according to this embod- 
iment is shown in FIG. 32. The difference between this 
sensor and the sensor of the fundamental embodiment 
shown in FIG. 10 is only an arrangement of the upper 
electrodes. When the electrode arrangement shown in 55 
FIG. 32 is compared to the electrode arrangement of 
the fundamental embodiment shown in FIG. 10, the fea- 
ture of the electrode arrangement of this embodiment is 
clarified. In the embodiment shown in FIG. 32, a first 



upper electrode A31 is disposed at a position of the first 
quadrant in the XY coordinate system, a second upper 
electrode A32 is disposed at a position of the second 
quadrant, a third upper electrode A33 is disposed at a 
position of the third quadrant, and a fourth upper elec- 
trode A34 is disposed at a position of the fourth quad- 
rant. Additionally, a fifth upper electrode A35 is disposed 
at a position surrounding the origin similarly to the fun- 
damental embodiment. Eventually, the electrode 
arrangement of the embodiment shown in FIG. 32 is 
nothing but the arrangement in which the electrode 
arrangement of the fundamental embodiment shown in 
FIG. 10 is rotated by 45 degrees. Of course, it is true 
that directions of respective axes in the XYZ three- 
dimensional coordinate system are arbitrarily defined in 
concept. In other word, there is no actual index indicat- 
ing the respective axes in the piezoelectric element 10 
or the respective upper electrode themselves. Accord- 
ingly, from a viewpoint of a physical structure, the sen- 
sor shown in FIG. 32 is exactly the same as the sensor 
shown in FIG. 10. However, it is to be noted that since 
directions of the respective coordinate axes in concept 
are defined in a manner shifted by 45 degrees in this 
embodiment, the technique for operating the sensor is 
somewhat different. 

Namely, in the sensor shown in FIG. 32. in order to 
oscillate the central portion functioning as an oscilla- 
tor/weight in the X-axis direction, it is sufficient to deliver 
a predetermined a.c. signal to the upper electrodes A32 
and A33, and to deliver another a.c. signal of phase 
opposite to the above to the upper electrodes A31 and 
A34. Moreover, in order to oscillate it in the Y-axis direc- 
tion, it is sufficient to deliver a predetermined a.c. signal 
to the upper electrodes A31 and A32, and to deliver 
another a.c. signal of phase opposite to the above to the 
upper electrodes A33 and A34. As stated above, both in 
the case where the piezoelectric element is oscillated in 
the X-axis direction and in the case where it is oscillated 
in the Y-axis direction, all of the four upper electrodes 
A31 to A34 are used. Accordingly, it becomes possible 
to efficiently deliver oscillation energy. Additionally, in 
the case where the piezoelectric element is caused to 
undergo oscillation in the Z-axis direction, an a.c. signal 
is delivered to the upper electrode A35 similarly to the 
sensor of the fundamental embodiment shown in FIG. 
10. 

The technique for detecting force components in 
the respective axes directions in the sensor shown in 
FIG. 32 will now be described. Let first demonstrate a 
method of detecting force fx in the X-axis direction 
applied to the central portion functioning as an oscilla- 
tor/weight. Since the piezoelectric element 10 has a 
polarization characteristic of the type I shown in FIG. 13, 
when force fx in the X-axis direction is applied, positive 
charges are produced in the upper electrodes A32. A33 
and negative charges are produced in the upper elec- 
trodes A31, A34. Accordingly, when a first sum of 
charges produced in the upper electrodes A32, A33 and 
a second sum of charges produced in the upper elec- 
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trodes A31 , A34 are obtained, and a grand sum of the 
absolute value of the first sum and the absolute value of 
the second sum (i.e., a difference between both the 
sums) is obtained, force fx in the X-axis direction can be 
detected. Moreover, when force fy in the Y-axis direction 
is applied, positive charges are produced in the upper 
electrodes A33, A34 and negative charges are pro- 
duced in the upper electrodes A31. A32. Accordingly, 
when a first sum of charges produced in the upper elec- 
trodes A33, A34 and a second sum of charges pro- 
duced in the upper electrodes A31, A32 are obtained, 
and a grand sum of the absolute value of the first sum 
and the absolute value of the second sum (i.e., a differ- 
ence between both the sums), force fy in the Y-axis 
direction can be detected. Additionally, force fz in the Z- 
axis direction can be detected by charges produced in 
the upper electrode A35 similarly to the sensor of the 
fundamental embodiment shown in FIG. 10. 

In order to detect force components applied in the 
respective axes directions by using the sensor shown in 
FIG. 32, it is sufficient to prepare a detection circuit 
shown in FIG. 33. A force fx in the X-axis direction is 
detected as a difference between voltage (V2 + V3) and 
voltage (V1 + V4) on a terminal Txxx, force fy in the Y- 
axis direction is detected as a difference between volt- 
age (V3 + V4) and voltage (V1 + V2) on a terminal Tyyy, 
and force f z in the Z-axis direction is detected as voltage 
(V5) on a terminal Tzzz. As stated above, both in the 
case where force fx in the X-axis direction is detected 
and in the case where force fy in the Y-axis direction is 
detected, all of the four upper electrodes A31 to A34 are 
used. Accordingly, applied force can be efficiently 
detected. Thus, the detection sensitivity can be 
improved as compared to the fundamental embodiment 
shown in FIG. 10. 

$13 Embodiment in which the number of electrodes is 
charged 

While all the previously described embodiments 
use five upper electrodes, it is not necessarily required 
that the number of upper electrodes is five. Several 
embodiments in which the number of electrodes is 
changed will be described below. 

FIG. 34 is a top view of the embodiment in which 
eight upper electrodes A41 to A48 are used. These 
eight upper electrodes A41 to A48 are all belt-shaped 
along a circular arc with the origin O being as center, 
have a shape symmetrical with respect to the X-axis or 
the Y-axis, and are disposed at positions symmetrical to 
each other with respect to the X-axis or the Y-axis. FIG. 
35 is a cross sectional view of this sensor cut along XZ 
plane. In this embodiment, the piezoelectric element 10 
and the lower electrode B are exactly the same as those 
of the embodiment shown in FIG. 8. In such a sensor, 
when force components fx, fy, fz are applied to the cen- 
tral portion 11, charges of predetermined polarities are 
produced on the respective upper electrodes as shown 
in the table of FIG. 36. Thus, force components fx, fy, fz 



in the respective axes directions can be detected on the 
basis of these charges. In more practical sense, it is suf- 
ficient to prepare a detection circuit as shown in FIG. 37. 
Moreover, when a piezoelectric element 25 having a 

5 localized polarization characteristic as shown in FIG. 38 
is used in place of the piezoelectric element 10, polari- 
ties of charges produced in the upper electrodes A42, 
A43, A47, A48 are inverted. For this reason, charges for 
detecting force components fx, f y, fz become positive as 

10 indicated in the sections encompassed by thick lines in 
the table of FIG. 39. Therefore, wiring becomes simple. 

FIG. 40 is a top view of an embodiment using six 
upper electrodes A51 to A56. In the above-described 
embodiment, the four upper electrodes A45 to A48 were 

15 used for detection of force fz. On the contrary, in this 
embodiment, detection of force fz is carried out by the 
two upper electrodes A55, A56. FIG. 41 is a table show- 
ing polarities of charges produced in the respective 
upper electrodes when force components fx, fy, fz are 

20 applied to the central portion 1 1 of this sensor. FIG. 42 
is a top view of an embodiment using six upper elec- 
trodes A61 to A66. This embodiment slightly differs from 
the embodiment shown in FIG. 40 in an arrangement of 
upper electrodes. FIG. 43 is a table showing polarities 

25 of charges produced in the respective upper electrodes 
when force components fx, fy, fz are applied to the cen- 
tral portion 1 1 of this sensor. Moreover, FIG. 44 is a top 
view of an embodiment using four upper electrodes A71 
to A74, and FIG. 45 is a table showing polarities of 

30 charges produced in the respective upper electrodes 
when force components fx, fy, fz are applied to the cen- 
tral portion 1 1 of this sensor. Supposing that voltages 
produced across the upper electrodes A71 to A74 and 
the lower electrode are V71 to V74, respectively, force fx 

35 is obtained by detecting a voltage difference (V71 -V72), 
force fy is obtained by detecting a voltage difference 
(V74-V73), and force fz is obtained by detecting a volt- 
age value (V73+V74-V71-V72) corresponding to a dif- 
ference between the sum voltage (V73+V74) and the 

40 sum voltage ( V71 +V72). 

Of course, also in all of the above-described sen- 
sors, if polarization processing is implemented to a pie- 
zoelectric element, wiring can be simplified. While, in 
this chapter §13, it has been described that respective 

45 upper electrodes are caused to have only the function 
as "force detecting means" in respective axes direc- 
tions, an approach may be employed to deliver charges 
to these respective upper electrodes in a manner oppo- 
site to the above, thereby permitting them to have a 

so function as "excitation means" in respective axes direc- 
tions. This is exactly the same as the sensor of the 
embodiment shown in FIG. 8. Therefore, detection of 
angular velocity can be carried out together with detec- 
tion of acceleration. Further, the upper electrode pat- 

55 terns shown in the embodiment which has been 
described in this chapter §13 can be all applied also to 
the sensor using a strain generative body which has 
been described in the chapter §9. 
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While this invention has been described in accord- 
ance with several embodiments, this invention is not lim- 
ited to these embodiments, but may be carried out in 
various modes in addition to the above. For example, if 
metal is used as a lower electrode and thickness thereof 5 
is caused to be thicker, mass of the portion functioning 
as an oscillator can be increased. For this reason, 
higher sensitivity sensor can be realized. In addition, 
while physically single lower electrode is used in all of 
the above-described embodiments, plural lower elec- w 
trodes which perform the same function as above may 
be used. For example, five upper electrodes and five 
lower electrodes facing the respective upper electrodes 
can be used. Of course, if several embodiments which 
have been described until now are combined with each 75 
other, sensors in various forms suitable for use can be 
realized. 

Industrial Applicability 

20 

As described above, in accordance with the sensor 
according to this invention, upper electrodes are dis- 
posed on an upper surface of a piezoelectric element 
and a lower electrode is disposed on a lower surface 
thereof and an a c. voltage is applied across these elec- 25 
trodes as occasion demands to detect applied acceler- 
ation and Coriolis force as charges produced in these 
electrodes. For this reason, it is possible to detect both 
acceleration and angular velocity relating to multi- 
dimensional directions while having a simple structure 30 
suitable for miniaturization and mass-productivity. Such 
sensors can be widely utilized for transportation equip- 
ments such as vehicle, ship or air-plane, or devices for 
grasping the movement state relating to multi-dimen- 
sional directions of industry equipments including 35 
movement of object. 

2. 

Claims 

1. An acceleration sensor for detecting acceleration 40 
components in plural coordinate axis directions in 
an XY2 threerdimensional coordinate system hav- 
ing an X-axis, a Y-axis and a Z-axis, comprising a 
piezoelectric element (10) in a plate form, five 
upper electrodes (A1 - A5) formed on an upper sur- 45 
face of the piezoelectric element and a lower elec- 
trode or electrodes (B) formed at a position facing 
to the respective upper electrodes on a lower sur- 
face of the piezoelectric element; 

wherein an origin (O) of the XYZ three- so 
dimensional coordinate system is defined substan- 
tially at a central position of the upper surface of the 
piezoelectric element; 

wherein the piezoelectric element extends 
along an XY plane and includes a central portion 55 3. 
(11) around the origin, a flexible portion (12) with 
flexibility surrounding the central portion and a 
peripheral portion (13) surrounding the flexible por- 
tion, so that said central portion and said peripheral 



portion are caused to undergo displacement rela- 
tive to each other by bending of the flexible portion; 

wherein either one of the central portion and 
the peripheral portion is fixed to a sensor casing 
(80) as a fixed portion, and the other is supported 
as a working portion in a state to be displaced by 
force applied in respective coordinate axis direc- 
tions; and 

wherein the five upper electrodes are consti- 
tuted with a first upper electrode (A1) formed in a 
negative region with respect to the X-axis and hav- 
ing a shape symmetrical with respect to the X-axis, 
a second upper electrode (A2) formed in a positive 
region with respect to the X-axis and having a 
shape symmetrical with respect to the X-axis, a 
third upper electrode (A3) formed in a negative 
region with respect to the Y-axis and having a 
shape symmetrical with respect to the Y-axis, a 
forth upper electrode (A4) formed in a positive 
region with respect to the Y-axis and having a 
shape symmetrical with respect to the Y-axis and a 
fifth upper electrode (A5) formed in a region sur- 
rounding a periphery of the origin, at least each por- 
tion of these respective upper electrodes being 
located on the flexible portion; 

said acceleration sensor further comprising; 

force detecting means (151 - 153) for detect- 
ing a force in a particular axis direction applied to 
the working portion on the basis of charges pro- 
duced in the upper electrodes; and 

circuit means for outputting a detected value 
by the force detecting means with respect to the 
particular axis direction as an electric signal so as 
to carry out detection of acceleration in the particu- 
lar axis direction. 

An acceleration sensor according to the claim 1 , the 
sensor further comprising; 

excitation means (141 - 143) for applying an 
a.c. voltage across a predetermined pair of upper 
and lower electrodes to thereby oscillate the work- 
ing portion in a first axis direction; 

wherein the circuit means having a function 
to output a detected value by the force detecting 
means with respect to a second axis direction per- 
pendicular to the first axis direction as an electric 
signal so as to carry out detection of an angular 
velocity about a third axis perpendicular to the first 
axis and the second axis; 

thus making it possible to detect angular 
velocity components about plural coordinate axis 
along with acceleration components in plural coor- 
dinate axis directions. 

An acceleration sensor according to the claim 1 ; 

wherein an annular groove (15) to surround 
a periphery of the origin is formed on the lower sur- 
face of the piezoelectric element, a thickness of a 
portion (12) of the piezoelectric element where said 
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annular groove is formed is caused to be thinner 
than a thickness of others, and the portion thin in 
thickness is used as a flexible portion. 

An acceleration sensor for detecting acceleration 5 
components in plural coordinate axis directions in 
an XYZ three-dimensional coordinate system hav- 
ing an X-axis, a Y-axis and a Z-axis, comprising a 
piezoelectric element (70) in a plate form, five 
upper electrodes (A21 - A25) formed on an upper to 
surface of the piezoelectric element, a lower elec- 
trode or electrodes (BB) formed at a position facing 
to the respective upper electrodes on a lower sur- 
face of the piezoelectric element and a strain gen- 
erative body (60) in a plate form for supporting the is 
lower electrode or electrodes from below; 

wherein an origin (O) of the XYZ three- 
dimensional coordinate system is defined substan- 
tially at a central position of an upper surface of the 
strain generative body; 20 

wherein the strain generative body extends 
along an XY plane and includes a central portion 
(61) around the origin, a flexible portion (62) with 
flexibility surrounding the central portion and a 
peripheral portion (63) surrounding the flexible por- 25 
tion, so that said central portion and said peripheral 
portion are caused to undergo displacement rela- 
tive to each other by bending of the flexible portion; 

wherein either one of the central portion and 
the peripheral portion is fixed to a sensor casing 30 
(80) as a fixed portion, and the other is supported 
as a working portion in a state to be displaced by 
force applied in respective coordinate axis direc- 
tions; 

wherein the upper surface of the strain gen- 35 
erative body and a lower surface of the lower elec- 
trode or electrodes are fixed in such a state where 
a plate surface of the piezoelectric element is sub- 
stantially in parallel to a plate surface of the strain 
generative body so that when bending takes place 40 
in the flexible portion of the strain generative body, 
said bending is transmitted to the piezoelectric ele- 
ment, while when bending takes place in the piezo- 
electric element, said bending is transmitted to the 
flexible portion of the strain generative body; and 45 

wherein the five upper electrodes are consti- 
tuted with a first upper electrode (A21) formed in a 
negative region with respect to the X-axis and hav- 
ing a shape symmetrical with respect to the X-axis, 
a second upper electrode (A22) formed in a positive so 
region with respect to the X-axis and having a 
shape symmetrical with respect to the X-axis, a 
third upper electrode (A23) formed in a negative 
region with respect to the Y-axis and having a 
shape symmetrical with respect to the Y-axis, a 55 
forth upper electrode (A24) formed in a positive 
region with respect to the Y-axis and having a 
shape symmetrical with respect to the Y-axis and a 
fifth upper electrode (A25) formed in a region sur- 



rounding a periphery of the origin, at least each por- 
tion of these respective upper electrodes being 
located on the flexible portion; 

said acceleration sensor further comprising; 

force detecting means (151 - 153) for detect- 
ing a force in a particular axis direction applied to 
the working portion on the basis of charges pro- 
duced in the upper electrodes; and 

circuit means for outputting a detected value 
by the force detecting means with respect to the 
particular axis direction as an electric signal so as 
to carry out detection of acceleration in the particu- 
lar axis direction. 

5. An acceleration sensor according to the claim 4, the 
sensor further comprising; 

excitation means (141 - 143) for applying an 
a.c. voltage across a predetermined pair of upper 
and lower electrodes to thereby oscillate the work- 
ing portion in a first axis direction; 

wherein the circuit means having a function 
to output a detected value by the force detecting 
means with respect to a second axis direction per- 
pendicular to the first axis direction as an electric 
signal so as to carry out detection of an angular 
velocity about a third axis perpendicular to the first 
axis and the second axis; 

thus making it possible to detect angular 
velocity components about plural coordinate axis 
along with acceleration components in plural coor- 
dinate axis directions. 

6. An acceleration sensor according to the claim 4; 

wherein an annular groove (65) to surround 
a periphery of the origin is formed on a lower sur- 
face of the strain generative body, a thickness of a 
portion (62) of the strain generative body where 
said annular groove is formed is caused to be thin- 
ner than a thickness of others, and the portion thin 
in thickness is used as a flexible portion. 

7. An acceleration sensor for detecting acceleration 
components in plural coordinate axis directions in 
an XYZ three-dimensional coordinate system hav- 
ing an X-axis, a Y-axis and a Z-axis, comprising a 
piezoelectric element (70) in a plate form, five 
upper electrodes (A21 - A25) formed on an upper 
surface of the piezoelectric element, and a strain 
generative body (60) in a plate form for supporting 
the piezoelectric element from below, at least an 
upper surface portion of the strain generative body 
being constituted by conductive material so that a 
lower electrode facing to the respective upper elec- 
trodes is constituted by the conductive material; 

wherein an origin (O) of the XYZ three- 
dimensional coordinate system is defined substan- 
tially at a central position of an upper surface of the 
strain generative body; 

wherein the strain generative body extends 
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along an XY plane and includes a central portion 
(61) around the origin, a flexible portion (62) with 
flexibility surrounding the central portion and a 
peripheral portion (63) surrounding the flexible por- 
tion, so that said central portion and said peripheral 5 
portion are caused to undergo displacement rela- 
tive to each other by bending of the flexible portion; 

wherein either one of the central portion and 
the peripheral portion is fixed to a sensor casing as 
a fixed portion, and the other is supported as a 70 
working portion in a state to be displaced by force 
applied in respective coordinate axis directions; 

the upper surface of the strain generative 
body and a lower surface of the piezoelectric ele- 
ment are fixed in such a state where a plate surface 75 
of the piezoelectric element is substantially in paral- 
lel to a plate surface of the strain generative body 
so that when bending takes place in the flexible por- 
tion of the strain generative body, said bending is 
transmitted to the piezoelectric element, while 20 
when bending takes place in the piezoelectric ele- 
ment, said bending is transmitted to the flexible por- 
tion of the strain generative body; and 

wherein the five upper electrodes are consti- 
tuted with a first upper electrode (A21) formed in a 2 s 
negative region with respect to the X-axis and hav- 
ing a shape symmetrical with respect to the X-axis, 
a second upper electrode (A22) formed in a positive 
region with respect to the X-axis and having a 
shape symmetrical with respect to the X-axis, a 30 
third upper electrode (A23) formed in a negative 
region with respect to the Y-axis and having a 
shape symmetrical with respect to the Y-axis, a 
forth upper electrode (A24) formed in a positive 
region with respect to the Y-axis and having a 35 
shape symmetrical with respect to the Y-axis and a 
fifth upper electrode (A25) formed in a region sur- 
rounding a periphery of the origin, at least each por- 
tion of these respective upper electrodes being 
located on the flexible portion ; 40 

said acceleration sensor further comprising; 

force detecting means (151 - 153) for detect- 
ing a force in a particular axis direction applied to 
the working portion on the basis of charges pro- 
duced in the upper electrodes; and 45 

circuit means for outputting a detected value 
by the force detecting means with respect to the 
particular axis direction as an electric signal so as 
to carry out detection of acceleration in the particu- 
lar axis direction. so 

An acceleration sensor according to the claim 7. the 
sensor further comprising; 

excitation means (141-143) for applying an 
ax. voltage across a predetermined pair of upper 55 
and lower electrodes to thereby oscillate the work- 
ing portion in a first axis direction; 

wherein the circuit means having a function 
to output a detected value by the force detecting 



means with respect to a second axis direction per- 
pendicular to the first axis direction as an electric 
signal so as to carry out detection of an angular 
velocity about a third axis perpendicular to the first 
axis and the second axis; 

thus making it possible to detect angular 
velocity components about plural coordinate axis 
along with acceleration components in plural coor- 
dinate axis directions. 

9. An acceleration sensor according to the claim 7; 

wherein an annular groove (65) to surround 
a periphery of the origin is formed on a lower sur- 
face of the strain generative body, a thickness of a 
portion (62) of the strain generative body where 
said annular groove is formed is caused to be thin- 
ner than a thickness of others, and the portion thin 
in thickness is used as a flexible portion. 

10. An acceleration sensor according to the claim 1 ; 

wherein an inside annular region to surround 
the origin from a periphery thereof and an outside 
annular region to further surround the inside annu- 
lar region from a periphery are defined on the XY 
plane; 

wherein the first upper electrode (A1) is dis- 
posed in a region extending over the second quad- 
rant and the third quadrant of the XY coordinate 
system within the outside annular region; 

wherein the second upper electrode (A2) is 
disposed in a region extending over the first quad- 
rant and the fourth quadrant of the XY coordinate 
system within the outside annular region; 

wherein the third upper electrode (A3) is dis- 
posed in a region extending over the third quadrant 
and the fourth quadrant of the XY coordinate sys- 
tem within the outside annular region; 

wherein the fourth upper electrode (A4) is 
disposed in a region extending over the first quad- 
rant and the second quadrant of the XY coordinate 
system within the outside annular region; and 

wherein the fifth upper electrode (A5) is dis- 
posed within the inside annular region. 

1 1. An acceleration sensor according to the claim 4; 

wherein an inside annular region to surround 
the origin from a periphery thereof and an outside 
annular region to further surround the inside annu- 
lar region from a periphery are defined on the XY 
plane; 

wherein the first upper electrode (A1) is dis- 
posed in a region extending over the second quad- 
rant and the third quadrant of the XY coordinate 
system within the outside annular region; 

wherein the second upper electrode (A2) is 
disposed in a region extending over the first quad- 
rant and the fourth quadrant of the XY coordinate 
system within the outside annular region; 

wherein the third upper electrode (A3) is dis- 
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posed in a region extending over the third quadrant 
and the fourth quadrant of the XY coordinate sys- 
tem within the outside annular region; 

wherein the fourth upper electrode (A4) is 
disposed in a region extending over the first quad- 
rant and the second quadrant of the XY coordinate 
system within the outside annular region; and 

wherein the fifth upper electrode (A5) is dis- 
posed within the inside annular region. 

12. An acceleration sensor according to the claim 7; 

wherein an inside annular region to surround 
the origin from a periphery thereof and an outside 
annular region to further surround the inside annu- 
lar region from a periphery are defined on the XY 
plane- 
wherein the first upper electrode (A1) is dis- 
posed in a region extending over the second quad- 
rant and the third quadrant of the XY coordinate 
system within the outside annular region; 

wherein the second upper electrode (A2) is 
disposed in a region extending over the first quad- 
rant and the fourth quadrant of the XY coordinate 
system within the outside annular region; 

wherein the third upper electrode (A3) is dis- 
posed in a region extending over the third quadrant 
and the fourth quadrant of the XY coordinate sys- 
tem within the outside annular region; 

wherein the fourth upper electrode (A4) is 
disposed in a region extending over the first quad- 
rant and the second quadrant of the XY coordinate 
system within the outside annular region; and 

wherein the fifth upper electrode (A5) is dis- 
posed within the inside annular region. 

1 3. An acceleration sensor according to the claim 1 ; 

wherein an inside annular region to surround 
the origin from a periphery thereof and an outside 
annular region to further surround the inside annu- 
lar region from a periphery are defined on the XY 
plane; 

wherein the first upper electrode (A1 1) is dis- 
posed in a region extending over the second quad- 
rant and the third quadrant of the XY coordinate 
system within the inside annular region; 

wherein the second upper electrode (A12) is 
disposed in a region extending over the first quad- 
rant and the fourth quadrant of the XY coordinate 
system within the inside annular region; 

wherein the third upper electrode (A13) is 
disposed in a region extending over the third quad- 
rant and the fourth quadrant of the XY coordinate 
system within the inside annular region; 

wherein the fourth upper electrode (A14) is 
disposed in a region extending over the first quad- 
rant and the second quadrant of the XY coordinate 
system within the inside annular region; and 

wherein the f ifth upper electrode ( A1 5) is dis- 
posed within the outside annular region. 
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14. An acceleration sensor according to the claim 4; 

wherein an inside annular region to surround 
the origin from a periphery thereof and an outside 
annular region to further surround the inside annu- 
$ lar region from a periphery are defined on the XY 
plane; 

wherein the first upper electrode (Al 1) is dis- 
posed in a region extending over the second quad- 
rant and the third quadrant of the XY coordinate 
70 system within the inside annular region; 

wherein the second upper electrode (A12) is 
disposed in a region extending over the f irst quad- 
rant and the fourth quadrant of the XY coordinate 
system within the inside annular region; 
15 wherein the third upper electrode (A13) is 

disposed in a region extending over the third quad- 
rant and the fourth quadrant of the XY coordinate 
system within the inside annular region; 

wherein the fourth upper electrode (A14) is 
20 disposed in a region extending over the f irst quad- 
rant and the second quadrant of the XY coordinate 
system within the inside annular region; and 

wherein the fifth upper electrode (A15) is dis- 
posed within the outside annular region. 

25 

15. An acceleration sensor according to the claim 7; 

wherein an inside annular region to surround 
the origin from a periphery thereof and an outside 
annular region to further surround the inside annu- 
30 lar region from a periphery are defined on the XY 
plane; 

wherein the first upper electrode (A1 1) is dis- 
posed in a region extending over the second quad- 
rant and the third quadrant of the XY coordinate 
35 system within the inside annular region; 

wherein the second upper electrode (A12) is 
disposed in a region extending over the first quad- 
rant and the fourth quadrant of the XY coordinate 
system within the inside annular region; 
40 wherein the third upper electrode (A13) is 

disposed in a region extending over the third quad- 
rant and the fourth quadrant of the XY coordinate 
system within the inside annular region; 

wherein the fourth upper electrode (A14) is 
45 disposed in a region extending over the f irst quad- 
rant and the second quadrant of the XY coordinate 
system within the inside annular region; and 

wherein the fifth upper electrode (A15) is dis- 
posed within the outside annular region. 

50 

16. An acceleration sensor according to the claim 1 ; 

wherein polarization processing is carried 
out with respect to respective portions of the piezo- 
electric element (25); 
55 so that polarization characteristics opposite 

to each other are respectively obtained at a portion 
of the piezoelectric element where the first upper 
electrode is formed and a portion of the piezoelec- 
tric element where the second upper electrode is 
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formed; and 

so that polarization characteristics opposite 
to each other are respectively obtained at a portion 
of the piezoelectric element where the third upper 
electrode is formed and a portion of the piezoelec- 5 
trie element where the fourth electrode is formed. 

17. An acceleration sensor according to the claim 4; 

wherein polarization processing is carried 
out with respect to respective portions of the piezo- 10 
electric element (25); 

so that polarization characteristics opposite 
to each other are respectively obtained at a portion 
of the piezoelectric element where the first upper 
electrode is formed and a portion of the piezoelec- 15 
fric element where the second upper electrode is 
formed; and 

so that polarization characteristics opposite 
to each other are respectively obtained at a portion 
of the piezoelectric element where the third upper 20 
electrode is formed and a portion of the piezoelec- 
tric element where the fourth electrode is formed. 

18. An acceleration sensor according to the claim 7; 

wherein polarization processing is carried 25 
out with respect to respective portions of the piezo- 
electric element (25); 

so that polarization characteristics opposite 
to each other are respectively obtained at a portion 
of the piezoelectric element where the first upper 30 
electrode is formed and a portion of the piezoelec- 
tric element where the second upper electrode is 
formed; and 

so that polarization characteristics opposite 
to each other are respectively obtained at a portion 35 
of the piezoelectric element where the third upper 
electrode is formed and a portion of the piezoelec- 
tric element where the fourth electrode is formed. 

1 9. An acceleration sensor according to the claim 2; 40 

wherein there are provided three excitation 
means of, 

X-axis direction excitation means (141) for 
applying an a.c. voltage across the first upper and 
lower electrodes and across the second upper and 45 
lower electrodes to thereby oscillate the working 
portion in the X-axis direction, 

Y-axis direction excitation means (142) for 
applying an a.c. voltage across the third upper and 
lower electrodes and across the fourth upper and so 
lower electrodes to thereby oscillate the working 
portion in the Y-axis direction, and 

Z-axis direction excitation means (143) for 
applying an a.c. voltage across the f ifth upper and 
lower electrodes to thereby oscillate the working 55 
portion in the Z-axis direction; and 

wherein there are provided three force 
detecting means of, 

X-axis direction force detecting means (151) 



for detecting a force in the X-axis direction applied 
to the working portion, on the basis of charges pro- 
duced in the first upper electrode and charges pro- 
duced in the second upper electrode, 

Y-axis direction force detecting means (152) 
for detecting a force in the Y-axis direction applied 
to the working portion, on the basis of charges pro- 
duced in the third upper electrode and charges pro- 
duced in the fourth upper electrode, and 

Z-axis direction force detecting means (153) 
for detecting a force in the Z-axis direction applied 
to the working portion, on the basis of charges pro- 
duced in the fifth upper electrode. 

20. An acceleration sensor according to the claim 5; 

wherein there are provided three excitation 
means of, 

X-axis direction excitation means (141) for 
applying an a.c. voltage across the first upper and 
lower electrodes and across the second upper and 
lower electrodes to thereby oscillate the working 
portion in the X-axis direction, 

Y-axis direction excitation means (142) for 
applying an a.c. voltage across the third upper and 
lower electrodes and across the fourth upper and 
lower electrodes to thereby oscillate the working 
portion in the Y-axis direction, and 

Z-axis direction excitation means (143) for 
applying an a.c. voltage across the fifth upper and 
lower electrodes to thereby oscillate the working 
portion in the Z-axis direction; and 

wherein there are provided three force 
detecting means of, 

X-axis direction force detecting means (151) 
for detecting a force in the X-axis direction applied 
to the working portion, on the basis of charges pro- 
duced in the first upper electrode and charges pro- 
duced in the second upper electrode, 

Y-axis direction force detecting means (152) 
for detecting a force in the Y-axis direction applied 
to the working portion, on the basis of charges pro- 
duced in the third upper electrode and charges pro- 
duced in the fourth upper electrode, and 

Z-axis direction force detecting means (153) 
for detecting a force in the Z-axis direction applied 
to the working portion, on the basis of charges pro- 
duced in the fifth upper electrode. 

21. An acceleration sensor according to the claim 8; 

wherein there are provided three excitation 
means of, 

X-axis direction excitation means (141) for 
applying an a.c. voltage across the first upper and 
lower electrodes and across the second upper and 
lower electrodes to thereby oscillate the working 
portion in the X-axis direction, 

Y-axis direction excitation means (142) for 
applying an a.c. voltage across the third upper and 
lower electrodes and across the fourth upper and 
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lower electrodes to thereby oscillate the working 
portion in the Y-axis direction, and 

Z-axis direction excitation means (143) for 
applying an a.c. voltage across the fifth upper and 
lower electrodes to thereby oscillate the working 5 
portion in the Z-axis direction; and 

wherein there are provided three force 
detecting means of, 

X-axis direction force detecting means (151) 
for detecting a force in the X-axis direction applied to 
to the working portion, on the basis of charges pro- 
duced in the first upper electrode and charges pro- 
duced in the second upper electrode, 

Y-axis direction force detecting means (152) 
for detecting a force in the Y-axis direction applied 15 
tothe working portion, on the basis of charges pro- 
duced in the third upper electrode and charges pro- 
duced in the fourth upper electrode, and 

Z-axis direction force detecting means (153) 
for detecting a force in the Z-axis direction applied 20 
to the working portion, on the basis of charges pro- 
duced in the fifth upper electrode. 

22. An acceleration sensor for detecting acceleration 
components in plural coordinate axis directions in 25 
an XYZ three-dimensional coordinate system hav- 
ing an X-axis, a Y-axis and a Z-axis. comprising a 
piezoelectric element (10) in a plate form, five 
upper electrodes (A31 - A35) formed on an upper 
surface of the piezoelectric element and a lower 30 
electrode or electrodes (B) formed at a position fac- 
ing to the respective upper electrodes on a lower 
surface of the piezoelectric element; 

wherein an origin (O) of the XYZ three- 
dimensional coordinate system is defined substan- 35 
tially at a central position of the upper surface of the 
piezoelectric element; 

wherein the piezoelectric element extends 
along an XY plane and includes a central portion 
(11) around the origin, a flexible portion (12) with 40 
flexibility surrounding the central portion and a 
peripheral portion (13) surrounding the flexible por- 
tion, so that said central portion and said peripheral 
portion are caused to undergo displacement rela- 
tive to each other by bending of the flexible portion; 45 

wherein either one of the central portion and 
the peripheral portion is fixed to a sensor casing 
(80) as a fixed portion, and the other is supported 
as a working portion in a state to be displaced by 
force applied in respective coordinate axis direc- so 
tions; and 

wherein the five upper electrodes are consti- 
tuted with a first upper electrode (A31) disposed in 
the first quadrant of the XY coordinate system, a 
second upper electrode (A32) disposed in the sec- 55 
ond quadrant thereof, a third upper electrode (A33) 
disposed in the third quadrant thereof, a fourth 
upper electrode (A34) disposed in the fourth quad- 
rant thereof and a fifth upper electrode (A35) dis- 



posed in a peripheral region of the origin, at least 
each portion of these respective upper electrodes 
being located on the flexible portion; 

said acceleration sensor further comprising; 

force detecting means (151 - 153) for detect- 
ing a force in a particular axis direction applied to 
the working portion on the basis of charges pro- 
duced in the upper electrodes; and 

circuit means for outputting a detected value 
by the force detecting means with respect to the 
particular axis direction as an electric signal so as 
to carry out detection of acceleration in the particu- 
lar axis direction. 

23. An acceleration sensor for detecting acceleration 
components in plural coordinate axis directions in 
an XYZ three-dimensional coordinate system hav- 
ing an X-axis, a Y-axis and a Z-axis, comprising a 
piezoelectric element (70) in a plate form, five 
upper electrodes (A31 - A35) formed on an upper 
surface of the piezoelectric element, a lower elec- 
trode or electrodes (BB) formed at a position facing 
to the respective upper electrodes on a lower sur- 
face of the piezoelectric element and a strain gen- 
erative body (60) in a plate form for supporting the 
iower electrode or electrodes from below; 

wherein an origin (O) of the XYZ three- 
dimensional coordinate system is defined substan- 
tially at a central position of an upper surface of the 
strain generative body; 

wherein the strain generative body extends 
along an XY plane and includes a central portion 
(61) around the origin, a flexible portion (62) with 
flexibility surrounding the central portion and a 
peripheral portion (63) surrounding the flexible por- 
tion, so that said central portion and said peripheral 
portion are caused to undergo displacement rela- 
tive to each other by bending of the flexible portion; 

wherein either one of the central portion and 
the peripheral portion is fixed to a sensor casing 
(80) as a fixed portion, and the other is supported 
as a working portion in a state to be displaced by 
force applied in respective coordinate axis direc- 
tions; 

wherein the upper surface of the strain gen- 
erative body and a lower surface of the lower elec- 
trode or electrodes are fixed in such a state where 
a plate surface of the piezoelectric element is sub- 
stantially in parallel to a plate surface of the strain 
generative body so that when bending takes place 
in the flexible portion of the strain generative body, 
said bending is transmitted to the piezoelectric ele- 
ment, while when bending takes place in the piezo- 
electric element said bending is transmitted to the 
flexible portion of the strain generative body; and 

wherein the five upper electrodes are consti- 
tuted with a first upper electrode (A31) disposed in 
the first quadrant of the XY coordinate system, a 
second upper electrode (A32) disposed in the sec- 
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ond quadrant thereof, a third upper electrode (A33) 
disposed in the third quadrant thereof, a fourth 
upper efectrode (A34) disposed in the fourth quad- 
rant thereof and a fifth upper electrode (A35) dis- 
posed in a peripheral region of the origin, at least 5 
each portion of these respective upper electrodes 
being located on the flexible portion; 

said acceleration sensor further comprising; 

force detecting means (151 • 153) for detect- 
ing a force in a particular axis direction applied to w 
the working portion on the basis of charges pro- 
duced in the upper electrodes; and 

circuit means for outputting a detected value 
by the force detecting means with respect to the 
particular axis direction as an electric signal so as /5 
to carry out detection bf acceleration in the particu- 
lar axis direction. 

24. An acceleration sensor for detecting acceleration 
components in plural coordinate axis directions in 20 
an XYZ three-dimensional coordinate system hav- 
ing an X-axis, a Y-axis and a Z-axis, comprising a 
piezoelectric element (70) in a plate form, five 
upper electrodes (A31 - A35) formed on an upper 
surface of the piezoelectric element, and a strain 25 
generative body (60) in a plate form for supporting 
the piezoelectric element from below, at least an 
upper surface portion of the strain generative body 
being constituted by conductive material so that a 
lower electrode facing to the respective upper elec- 30 
trodes is constituted by the conductive material; 

wherein an origin (O) of the XYZ three- 
dimensional coordinate system is defined substan- 
tially at a central position of an upper surface of the 
strain generative body; 35 

wherein the strain generative body extends 
along an XY plane and includes a central portion 
(61) around the origin, a flexible portion (62) with 
flexibility surrounding the central portion and a 
peripheral portion (63) surrounding the flexible por- 40 
tion, so that said central portion and said peripheral 
portion are caused to undergo displacement rela- 
tive to each other by bending of the flexible portion; 

wherein either one of the central portion and 
the peripheral portion is fixed to a sensor casing as 45 
a fixed portion, and the other is supported as a 
working portion in a state to be displaced by force 
applied in respective coordinate axis directions; 

the upper surface of the strain generative 
body and a lower surface of the piezoelectric ele- so 
ment are fixed in such a state where a plate surface 
of the piezoelectric element is substantially in paral- 
lel to a plate surface of the strain generative body 
so that when bending takes place in the flexible por- 
tion of the strain generative body, said bending is 55 
transmitted to the piezoelectric element, while 
when bending takes place in the piezoelectric ele- 
ment, said bending is transmitted to the flexible por- 
tion of the strain generative body; and 



wherein the five upper electrodes are consti- 
tuted with a first upper electrode (A31) disposed in 
the first quadrant of the XY coordinate system, a 
second upper electrode (A32) disposed in the sec- 
ond quadrant thereof, a third upper electrode (A33) 
disposed in the third quadrant thereof, a fourth 
upper electrode (A34) disposed in the fourth quad- 
rant thereof and a fifth upper electrode (A35) dis- 
posed in a peripheral region of the origin, at least 
each portion of these respective upper electrodes 
being located on the flexible portion; 

said acceleration sensor further comprising; 

force detecting means (151 - 153) for detect- 
ing a force in a particular axis direction applied to 
the working portion on the basis of charges pro- 
duced in the upper electrodes; and 

circuit means for outputting a detected value 
by the force detecting means with respect to the 
particular axis direction as an electric signal so as 
to carry out detection of acceleration in the particu- 
lar axis direction. 

25. An acceleration sensor for detecting acceleration 
components in plural coordinate axis directions in 
an XYZ three-dimensional coordinate system hav- 
ing an X-axis, a Y-axis and a Z-axis. comprising a 
piezoelectric element (10) in a plate form, eight 
upper electrodes (A41 - A48) formed on an upper 
surface of the piezoelectric element and a lower 
electrode or electrodes (B) formed at a position fac- 
ing to the respective upper electrodes on a lower 
surface of the piezoelectric element; 

wherein an origin (O) of the XYZ three- 
dimensional coordinate system is defined substan- 
tially at a central position of the upper surface of the 
piezoelectric element and an inside annular region 
to surround the origin from a periphery and an out- 
side annular region to further surround the inside 
annular region from a periphery are defined on the 
XY plane; 

wherein the piezoelectric element extends 
along an XY plane and includes a central portion 
(11) around the origin, a flexible portion (12) with 
flexibility surrounding the central portion and a 
peripheral portion (13) surrounding the flexible por- 
tion, so that said central portion and said peripheral 
portion are caused to undergo displacement rela- 
tive to each other by bending of the flexible portion; 

wherein either one of the central portion and 
the peripheral portion is fixed to a sensor casing 
(80) as a fixed portion, and the other is supported 
as a working portion in a state to be displaced by 
force applied in respective coordinate axis direc- 
tions; and 

wherein the eight upper electrodes are con- 
stituted with, 

a first upper electrode ( A41 ) formed in a neg- 
ative region with respect to the X-axis, having a 
shape symmetrical with respect to the X-axis, and 
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disposed within the outside annular region, 

a second upper electrode (A42) formed in a 
positive region with respect to the X-axis, having a 
shape symmetrical with respect to the X-axis, and 
disposed within the outside annular region, 5 

a third upper electrode (A43) formed in a 
negative region with respect to the Y-axis, having a 
shape symmetrical with respect to the Y-axis, and 
disposed within the inside annular region, 

a fourth upper electrode (A44) formed in a 10 
positive region with respect to the Y-axis, having a 
shape symmetrical with respect to the Y-axis, and 
disposed within the inside annular region, 

a filth upper electrode (A45) formed in the 
negative region with respect to the X-axis, having a 75 
shape symmetrical with 'respect to the X-axis, and 
disposed within the inside annular region, 

a sixth upper electrode (A46) formed in the 
positive region with respect to the X-axis, having a 
shape symmetrical with respect to the X-axis, and 20 
disposed within the inside annular region. 

a seventh upper electrode (A47) formed in 
the negative region with respect to the Y-axis, hav- 
ing a shape symmetrical with respect to the Y-axis, 
and disposed within the outside annular region, and 2s 

an eighth upper electrode (A48) formed in 
the positive region with respect to the Y-axis, having 
a shape symmetrical with respect to the Y-axis, and 
disposed within the outside annular region, 

at least each portion of these respective 30 
upper electrodes being located on the flexible por- 
tion; 

said acceleration sensor further comprising; 

force detecting means (1 51-153) tor detect- 
ing a force in a particular axis direction applied to 35 
the working portion on the basis of charges pro- 
duced in the upper electrodes; and 

circuit means for outputting a detected value 
by the force detecting means with respect to the 
particular axis direction as an electric signal so as 40 
to carry out detection of acceleration in the particu- 
lar axis direction. 

26. An acceleration sensor for detecting acceleration 
components in plural coordinate axis directions in 45 
an XYZ three-dimensional coordinate system hav- 
ing an X-axis, a Y-axis and a Z-axis, comprising a 
piezoelectric element (10) in a plate form, eight 
upper electrodes (A51 - A56) formed on an upper 
surface of the piezoelectric element and a lower so 
electrode or electrodes (B) formed at a position fac- 
ing to the respective upper electrodes on a lower 
surface of the piezoelectric element; 

wherein an origin (0) of the XYZ three- 
dimensional coordinate system is defined substan- ss 
tially at a central position of the upper surface of the 
piezoelectric element and an inside annular region 
to surround the origin from a periphery and an out- 
side annular region to further surround the inside 



annular region from a periphery are defined on the 

XY plane; 

wherein the piezoelectric element extends 
along an XY plane and includes a central portion 
(11) around the origin, a flexible portion (12) with 
flexibility surrounding the central portion and a 
peripheral portion (13) surrounding the flexible por- 
tion, so that said central portion and said peripheral 
portion are caused to undergo displacement rela- 
tive to each other by bending of the flexible portion; 

wherein either one of the central portion and 
the peripheral portion is fixed to a sensor casing 
(80) as a fixed portion, and the other is supported 
as a working portion in a state to be displaced by 
force applied in respective coordinate axis direc- 
tions; and 

wherein the six upper electrodes are consti- 
tuted with, 

a first upper electrode (A51 ) formed in a neg- 
ative region with respect to the X-axis, having a 
shape symmetrical with respect to the X-axis, and 
disposed within the outside annular region. 

a second upper electrode (A52) formed in a 
positive region with respect to the X-axis, having a 
shape symmetrical with respect to the X-axis, and 
disposed within the outside annular region, 

a third upper electrode (A53) formed in a 
negative region with respect to the Y-axis, having a 
shape symmetrical with respect to the Y-axis, and 
disposed within the inside annular region, 

a fourth upper electrode (A54) formed in a 
positive region with respect to the Y-axis, having a 
shape symmetrical with respect to the Y-axis, and 
disposed within the inside annular region, 

a fifth upper electrode (A55) formed in the 
negative region with respect to the X-axis, having a 
shape symmetrical with respect to the X-axis, and 
disposed within the inside annular region, and 

a sixth upper electrode (A56) formed in the 
positive region with respect to the X-axis, having a 
shape symmetrical with respect to the X-axis, and 
disposed within the inside annular region, 

at least each portion of these respective 
upper electrodes being located on the flexible por- 
tion; 

said acceleration sensor further comprising; 

force detecting means (151-1 53) for detect- 
ing a force in a particular axis direction applied to 
the working portion on the basis of charges pro- 
duced in the upper electrodes; and 

circuit means for outputting a detected value 
by the force detecting means with respect to the 
particular axis direction as an electric signal so as 
to carry out detection of acceleration in the particu- 
lar axis direction. 

27. An acceleration sensor for detecting acceleration 
components in plural coordinate axis directions in 
an XYZ three-dimensional coordinate system hav- 
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ing an X-axis, a Y-axis and a Z-axis, comprising a 
piezoelectric element (10) in a plate form, six upper 
electrodes (A61 - A66) formed on an upper surface 
of the piezoelectric element and a lower electrode 
or electrodes (B) formed at a position facing to the 5 
respective upper electrodes on a lower surface of 
the piezoelectric element; 

wherein an origin (O) of the XYZ three- 
dimensional coordinate system is defined substan- 
tially at a central position of the upper surface of the w 
piezoelectric element and an inside annular region 
to surround the origin from a periphery and an out- 
side annular region to further surround the inside 
annular region from a periphery are defined on the 
XY plane; 75 

wherein the piezoelectric element extends 
along an XY plane and includes a central portion 
(11) around the origin, a flexible portion (12) with 
flexibility surrounding the central portion and a 
peripheral portion (1 3) surrounding the flexible por- 2 o 
tion, so that said central portion and said peripheral 
portion are caused to undergo displacement rela- 
tive to each other by bending of the flexible portion; 

wherein either one of the central portion and 
the peripheral portion is fixed to a sensor casing 25 
(80) as a fixed portion, and the other is supported 
as a working portion in a state to be displaced by 
force applied in respective coordinate axis direc- 
tions; and 

wherein the six upper electrodes are consti- 30 
tuted with, 

a first upper electrode (A61 ) formed in a neg- 
ative region with respect to the X-axis, having a 
shape symmetrical with respect to the X-axis, and 
disposed within the outside annular region, 35 

a second upper electrode (A62) formed in a 
positive region with respect to the X-axis, having a 
shape symmetrical with respect to the X-axis, and 
disposed within the outside annular region, 

a third upper electrode (A63) formed in a 40 
negative region with respect to the Y-axis, having a 
shape symmetrical with respect to the Y-axis, and 
disposed within the inside annular region, 

a fourth upper electrode (A64) formed in a 
positive region with respect to the Y-axis, having a 45 
shape symmetrical with respect to the Y-axis, and 
disposed within the inside annular region. 

a fifth upper electrode (A65) formed in the 
negative region with respect to the Y-axis, having a 
shape symmetrical with respect to the Y-axis, and 50 
disposed within the outside annular region, and 

a sixth upper electrode (A66) formed in the 
positive region with respect to the Y-axis, having a 
shape symmetrical with respect to the Y-axis, and 
disposed within the outside annular region, 55 

at least each portion of these respective 
upper electrodes being located on the flexible por- 
tion; 

said acceleration sensor further comprising; 



force detecting means (151 - 153) for detect- 
ing a force in a particular axis direction applied to 
the working portion on the basis of charges pro- 
duced in the upper electrodes; and 

circuit means for outputting a detected value 
by the force detecting means with respect to the 
particular axis direction as an electric signal so as 
to carry out detection of acceleration in the particu- 
lar axis direction. 

28. An acceleration sensor for detecting acceleration 
components in plural coordinate axis directions in 
an XYZ three-dimensional coordinate system hav- 
ing an X-axis, a Y-axis and a Z-axis, comprising a 
piezoelectric element (10) in a plate form, four 
upper electrodes (A71 - A74) formed on an upper 
surface of the piezoelectric element and a lower 
electrode or electrodes (B) formed at a position fac- 
ing to the respective upper electrodes on a lower 
surface of the piezoelectric element; 

wherein an origin (O) of the XYZ three- 
dimensional coordinate system is defined substan- 
tially at a central position of the upper surface of the 
piezoelectric element and an inside annular region 
to surround the origin from a periphery and an out- 
side annular region to further surround the inside 
annular region from a periphery are defined on the 
XY plane; 

wherein the piezoelectric element extends 
along an XY plane and includes a central portion 
(11) around the origin, a flexible portion (12) with 
flexibility surrounding the central portion and a 
peripheral portion (13) surrounding the flexible por- 
tion, so that said central portion and said peripheral 
portion are caused to undergo displacement rela- 
tive to each other by bending of the flexible portion; 

wherein either one of the central portion and 
the peripheral portion is fixed to a sensor casing 
(80) as a fixed portion, and the other is supported 
as a working portion in a state to be displaced by 
force applied in respective coordinate axis direc- 
tions; and 

wherein the four upper electrodes are consti- 
tuted with, 

a first upper electrode ( A71) formed in a neg- 
ative region with respect to the X-axis, having a 
shape symmetrical with respect to the X-axis, and 
disposed within the outside annular region, 

a second upper electrode (A72) formed in a 
positive region with respect to the X-axis, having a 
shape symmetrical with respect to the X-axis, and 
disposed within the outside annular region, 

a third upper electrode (A73) formed in a 
negative region with respect to the Y-axis, having a 
shape symmetrical with respect to the Y-axis, and 
disposed within the inside annular region, and 

a fourth upper electrode (A74) formed in a 
positive region with respect to the Y-axis, having a 
shape symmetrical with respect to the Y-axis, and 
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disposed within the inside annular region, 

at least each portion of these respective 
upper electrodes being located on the flexible por- 
tion; 

said acceleration sensor further comprising; 5 
force detecting means (151-153) for detect- 
ing a force in a particular axis direction applied to 
the working portion on the basis of charges pro- 
duced in the upper electrodes; and 

circuit means for outputting a detected value w 
by the force detecting means with respect to the 
particular axis direction as an electric signal so as 
to carry out detection of acceleration in the particu- 
lar axis direction. 
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